




4*Ufcrft tlSUt 



AJLuiILm *j 4_*iMj 



4*** J* A*"* 4*** ; ^^ 




UJjjill -Uhlllg iiqinllq nhlnill yjJigJI iml\nl l Iffljmj Qjjgiii oJLblflJ Ulf nlinlin 

1990 . 1923 ^IjjutJ! i^jLia JUa»l i-alj^iL 1978 jjLb ^ aimlmtl cujjl^ 




^Um^I ili u t 



A \ j rtl < ii «j 4a2)j 



t ♦• 







7 


/qj>.jJLU 4_ajJLo 


II 


: JjVt J^^kJ! 
^I'U.^tfl flOlt 2 ,,„l ,.,VI p.Al^tlj, al. i * VI 


27 




35 




41 




53 




65 




75 


•^ — , T-> T 1 CjLaIIL Ajjj djJLu £-«1j-> 


85 




101 


tyJjVl <L>.jjlI1 jt«'" 


III 





sgjunll 
agunll 
aganll 



117 


ij Mir (_gjL>J! J .^»Atl 


131 




147 




159 




177 




197 




213 




233 




243 


jtiixiii ajbuii ^-«!>Ji 


263 







Hgiwll 
aganll 

aganll 



_,JI ^r I ;U ,^VI iLSjJI pl^. . iLiSUI I jut i-uLi m? jjloJI fr^^n* 

4_fl_Llie_a CjVLa_a (j_a ^< i a l a -»" "J »l qlr (jj^ 
iCjLlUsLjjJIj i (j La * 1 1 j i4iill /»ilr j i^VI <- 1 1 nL»J^ 
i L t -Lgj v £ VJ_A ^—1! «L>.^_a * iLlSjl 1 JLAj ^j ..A "11 pi£,j 

4_oLc Sj^Ls L$_La (JJ2l p mall p_*_uj-i : a\ < n°»\ d niq'w 

L$J ^^paj-jtlLi /j-^-Il * ulaj>J1 ^j^* I jLrejLi ( __)ii£Luj 

i(Jj '^'*» 4i ytt ^^ <U*-ialaj| CjLiil! <L>JL«Jk u^sjju 
4-jJI 'C i"iVlj 4_Lie_jj LlJ I Sj la I ll jjl-J * iS A f-^^^rU 
^J j 1 **o J 4«L)^_ILSH1 ^j -^j LaJul «L_>JL»_aj i«Li_u_ujJI 
j^j . Sjjiil! ^j^j.^.'tl ja^Sj Jjj U ; 1 1 ^^i£_J| Jjjliejj 
^^paj-jLjj i«L5jjtll (J_u_4-> d j * S3 7-j-iIuj ClJLlJl -o ui^JI 
J j 1 T~tlj JLflJjIj 7-j_»iJLl 4 lih-^e-a JjjJaj t_4-<JL<j/2 
^j . CjlJSjVI *-j-«^>- (^ 4jt i>-iI^J1 5J!U^M gllaci *-a 
3j-_j_a_>J1 4_<3_la_i2l p o_Ud^_o jJji—lILi x_jlj»JI p i u^JI 
rOl-$_(J ^ySJ^U 1_<£ i j**'_ '"'ij l^-L^ajlj aj» l_}JL^_o 

(j-C ' . i j S * ~ 1 1 j w , U tls SjjtjiILa CjVL*-a ^^ I J '" 
(j_u^al_>JI p i oAJI ^—3 j^pajjuj .7cJl . . . (J^LlUj ' la ojj] 



4_«JlJLj _jl ^j-^-4-l L-«J t. ■ i nL>J1 a! JL^-**( ( nU rfl 1 ***( J I J ^-L LtT J 1 p a-UsaJ. j-o*V1j 

*L£jJ! J j aj ■■■! 4jjjj i_aJJI! jjl^=jj hjIjljI! ! jut ^ ___,<-! ;U,^VI s _? jd! 

__£JLU __£ 0jLr»o! *^<M (_^-^-> f^^-^dL? ^tj^J uJ )l /J-LtaAJl __£ __£ I Ila < a 2 1 

. Jl^^/I JLjJtj jJLu Laj j ^ . ^.^11 

4JLUI (oi^. jl (_5.IV! (. 1 1 iib>JI (^ sIjjj/ 4_ujto 4_LaL>. q^jHuu V ^^ " dJLil, I 
Ja-i ■ ■■ wtt (j^ 3_<JL>. 3jL>- S^La cU£ _j a 1 a -»"■ 1 1 J^*J dilj ro^-JJ ' ^J-^- J' 

(OJjiuj iCjLojUU joJLcj (_gj Mijtl j_uiJ! (j\i 3J_^L«Jlj i4^jjtl! (Jji«J (Jj-*^ 

Ljyji ^^ujj I j^Jj . jJI ..5Jl«itj 4jjIj^>-V' 5^jjIIj '^j^P^' 5 -i tx'.Vl 2_J_____ 

Jia^>.j p-£-j 5^ ui t jq^ c ^jrr- >0 ^' ijr- ^ J ' " *>^' (1)-° ' iLxSJI 1 JLA jqj>.jILi _jt 

(j I r j-^J-J 4_jV '. LxjLjJ . S-JJ-lLjoVLj p j I >ljl I I JL& J^^- l_<jSL!l __*a J_uSL!l 

«L>JL«-a 1 <i ifrj 4__ijjlJ1 fQJUUJ 4j-aL>. 4_u5^fcl-__£tj t_y^~l j * dJ^-LM {j\£.&j^2&ja 
iLu^jJI 4iU2u]^l 3_>J|j_tl Cmim"i<I JLS3.Sj_Lii.JI 2 -,tV,SMj 2_.._. ,Utt ■-,! :ltl 
j_La 4_i^sL>.j Sj_l_».2! CjIj i 1 11 II __,_> t_jjj(JI .j-Co* L_J ! £y* ' L -^l>-'- a LaL«^a>l 

» ijJuLlj O-JaSJl (—3 CjIj_4-*LU jj- ^ tJ* 11 JuLc /q_) JlS_5 iCjLLuLalUl ( S t eaj * a 

* )j-*Ji £i oU )l _jw« j-u£ __p_j-C. J ip^us^ll 1 JLA (J^>- (j '"'^-Sj 3j-AuiJ1j (j^ij^jj 

CjI£j_Zu (j^l j-uS OjJJjk! Lj£ .(_£^_l>J! pjjIsjJil !jLA ( __ r 3 4_Jj2l («^jL»-ll jy^LaJ 
j^ljJJj 3_J,L«J| 4^j-Ju I J '"J 5_ujj(JI 3J_D| 5j>J|jt^j ^jjJI (jJajJLi li 1 .iLjJI 
» jj La * 1 SJLILiJI S-^jtVLi l^ljj! (j.i'stj Lu «j»f .^yj .(^Ii) 4£j__!_J Sj^itJI 

(j^s (JjL^JI joSLII 2_3._i.j_1J .....LjJ! j»! jici^l 3_uj_4,Vj i3_ujj>JI SjlU (_u^L>JI 

i4_ujj>JI / " » I -» I U . ^. 1 1 JLo-jjJj i4_ji-V! CjLiJJLl L_Laj_l j i"i i" __-rl!l CjLajUU 

» )Lx£LII lJLA (___)_« ___iujl -n ' '^ II _Jjl_ujj .4_u_)Jl]1 _j ^j uaJLiI _j^_;"^'"j -n j d J J 

2_jj___ i _i _j|_______ ^-j_t_uj pjli 11 ___ ulr (JS i"i_ij Jj.^>A",ll 1 dj.j ,utl cjLiill 4j>JLta 

Jl^Ij^ JJ^J t3 .ut-ulaJI oLiill 2_>J|___a ^ ^^jJI (Jr!^*^' "Ll*-*!^ 2_a___) 

jKaVl jjl dLi Vj . jJI ...(=. >KJI J_l^] 4_Jl£Lilj cjUII! ^ _^ ajaj^I! 

pj_U3^aj .(JL>J,! IjUk _ T 3 i.~ 1 x _ 1 1 SjljLa CjI j (jj's" i » i_jL£L!! ^^ sLs-^jJaJi! 
ij^Ln-j ^jjlII joJLhJ! _jl i_a^_jjti! (__hi^ i^LuoLi. 4_utAl 4J Sj-ujJ! ^ aij iVI 
L_LAj .^Ij-j_>J1 _j^ S *j t_Ja 5jU| 3jL?tjfc (___)_« itilJLiJi fOJUul 4_lSj _jLti gbl m 
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(2)S_a_l L i i uLstll frja\j-& «LLiaA^tt_a Jkj Jj t J_aJtJl £j£. 0j^?eX. j] t jj>- I jju (_!! 
'.'-.' Sj i ->■ ^LILa j-3a-J (jl <j-S>-4-i J-*3 . 4jvL>JI C^..i I nK L^jjI i""ii .il 

tj\jtLX$X\ JJi£. -il-ij^ o' Cri>*-" ^gjL2JLJ ujLjSDI ! jut J!U j_jJ3jjj J-alJ (j^e-JJ 
»l n I r 3 ir^iLj. i(jLjiJI si <iUll ,j-o JjJLkJ! 4j*jj (jij w *~ I lis loVI sl^jJLi 
4_aJiiJ tfjj^- i n'ij iJL>JU I JJt ( _ ;r 3 t_!jjjJ! jj qUtl <.S-»- j II ^1 iCjLuLjijVI 
-1 J al -i" & I j , ^'"'\' VI Liiajl J^sLJ LaS .4l>.L«Jlj 4^sltl 4-ujjlJI LlLoI CjLvLlo.1 
4jjJiJj| LjLUaill ^1 Ltljijilj Jj-(jV! vlob. j-& I ^<-2j^j,U",tl j^xljill ^ic 

jjL*jj ,y> iaoJjJ! (jflLi ^yic L^jLj/LSLtJlj w <-l ;U,^VI s ^jJ| ^ 3_xiAI 

.rtlttl lJUk jjaJaj ^ 4-a-Al i.iUj fljyV Lr'l ^J^^-^-"Vlj Jill I 

^-^^ 
(» 1 989 j..t-...*l 3 ^ Cu$£JI 
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<U*W&\ jm£&X\$ ^\i&\ I I 






p m ill ^L^V! ^J^LoJ! sKL^a yk Sj^La ^t 

(_L». w I C (. i i <il_>JI ;y_aLJj_> SjJ^JS ( _ ;r -L*jJ . «LS jJLl 

/j I C ^l—Ll-La l_a3jja ( _ ;r 3 j'j^ JLsejI ji i La 5Jl i n a 

) -» J 4 m_j_j jy_al_jj_jj! (j!-( fl-fljJU I J-#J ' a -^j 

ji .SJUai J^J j_o3 j! c_^j (pJI (l) a_L i> i a j| 
cjLJujlI! (j-a jujijlII (jJI p^>.jJLi jIj-SJ! ^\ (Jj^ojII 

jj2*jj . 5y_aLljJI L$J (_gjlc. (^yll! 4cjJjII 4-JV J" i nVl 
fCj_oL) i_iij)j-*_a ^a-A La ^JjLu «Lal_A (J^_=»o d la 5 i 1 JLA 

a I JLa-"i nl * )1 i < <i\ p M j Ltaje *"j i(jL_ojV1 (jjjj-Ls (j£. 

. 4jLiLaJ1 «Q^,j-i_u (—3 t. i i nl->J1 
(^L^uVI *LS jJI <_Sjju (ji * J^**" 1 ' " ' V Lul (0-C.jJ 
(j-a JJLC (j^Lc f- J ' <i 1 1 (jriLl (jl (jSLaj 4JLa aLc J'C uiJ 
(j^aj . L^J^VLs. (j^a 4-lLc /oSL>JI (jSLaj ^Jjl\ j_uL«I! 
<_SjjijJI i JLjjLajJIj (HjjuijJI (j^Lc SjJLaJ! j_uL«JL! dJJj 
i_o_lSLIJIj i ^ ajljm i—ialjl! (j-u 4_uiJ! 4jvjI (_,-l^. 
-I U ^Vl t_a| £i "i *?lj t 3jL^r "i ,,! U ' a Slj 'I j— a 



II 



*LsjJ! oj-^ La tj-jASj .7t_I! J ■ y. , ,.t I j ^a *!jV! £j\ i ht"I I j -» j -» < ^"j 
3ji<iLjjJI (j^aSI i^ajJI ;^)^""'" w "^ Cybernetics 4_ulj jmtLi Uaj. w <- I ;U,^VI 
(oi^. i"j_' L«_Lu i(_yj| jL^>. 4Jli (jLuiJ^I w tj j la <JJ isLiu>.ljJI 4jJjuJI ^ i la 12 

3_jjL3 j^a ^L^j^l [4* jLJej i M j (_,l!l 5_l3jjI! oLlUjJLi ^^1 ;U,^VI S L£ jdl 
M^'njjU ^ l_Lu La^to-I JUx.Vl aJJt • alljtjj .3_i^j LtjjtJ ^pJI JL^cVl 

4«r , Jljj»jj|» jl ^- 'j La m 1 1 c-cJU jl 4* lallSLa jl J) j La * rt ^9-iJ (_)-aj fQ-^3 ^ji aS-j JulS 

O^.."" '"'**" t .! ' j' t4jj * mi 3jLu-a^ cULUS jl 4«Llu3Uj 4JLulo jl ij-i-I (_Jj>- J I 

«L«Ll9 t^J-1 (jLtuijVI 4-a JL^-"i 1 n t I T* j^pajj-ill ^j^* > JLjJaJ ja3 < «4_pl}» L$_)l 
t. 1 i uLstll xjsujj (_3 £JLA (Ji*JU aj tCj V 2f JiHu_u1j CjLo^Lt-o (j_a Jal 1 11 ill 1 JL^-l 
;y_aLJj_i!l ^ La 3. _« a (_£-ij3 JU5j .5y_aLjj_JI I JLA i_djjj_u Ju^M ^ j ajJlj (<u i^V! 
^yfl j^jjJajj Cj^LjJjlJ (JLi-jl ^\ (__ r a-y Lx-« 4_l3 jj <^»*tl *L>.jl i_al m"Sl (__,JI 
c-Lj n \ 1 n (_tl 0JJJU 1 JLA ^jjjj "^ uiflJ ^-auj^Jl (_J3 (-JLULjj i (_g ) La *'< dim nt 

(jjt-LaJcTj I jJe-flHj I )) w ^ I iU.^VI s lS jj| L^JjLuJ (_yJ.II (J5I 1 11U (_yi^. C_JLiLjJ 

j Lalll i_^*j ^^yll! CjVLjIo.V! j jx. (jl I JJt (j-Ujj : Combinatory explosion 
-JlJ*.j (jl-JiLa^/l J^»J! ^yJI J_»^5^lJI (>SL4J V =ul 3-^-jJlJ I J-^- j^u^ L^lS 
L4JV jl 1 1 JL>- ^Lj^Ja b^j JL»-Lj i.^.TjII 3jUr q^ ij_JuLI! i.'iTjtl CjLlUjlj 
CjjJ^ JLa^ i(jLjui! jl 1. 1 1 iib>Jl Sjili 4jljj/ 3j-^ '^" *>f^ ^J^'- 5 ' . ' ' "' 

< 120 (j^l 10 <jJI_^tJ j^-Ij jjJ (^3 jJjJaAII jJaU (4) 3_SL«I! v2j>i2il! }Llo 

I j 'jj aeJ jl iCj^Liill 0Jl#J 4lal£J! S.cj^jjJ,! ^j^>-»a 3JUtjjj/l Tcual^J! (j^s 
,__jj-3 JU>.^-J «^!^J! (_;r3j • L^-"s (_p 3_o«^Lo (_£Jil jjJLZLi 2 j j x ■ a a (- ' 1 iiL>JLi 
. '■ ) LaJI I jut (^ (__,£. ULa loVI «l^jJLi (JitxuiX Ij CjLlUsLjjJI joJLc (_JU (__ t jj/Lj/I 
I g^je lj (_jjJI 3J| 1 ,1 nit ^>L>. dJLuk (jl CjLu2 CjLlUsLjjJ' («JLc ^t 1 nj Lo-Li-l3 
Jljo 1J3JI (^1 Jj^a^il L^Lul (jSLall JjL^^JL ^Ixi Vj i(Ja- V 4J? jl) 
(JjSLj V JL3 5JI malt (_Ja> (j£. i.-.t m ^jXillLa-LaVI «t£jJLi J«~mU (jl JjLSILj 
(j-1 **' j 1 1 (j_a __^l (^JJ (J9_4_d_a 4_lSLIj 4 LaLa-l (JlLa^l jl '--^"*- ' aJI (J^>»ii 3-A 
L^jjJa (^ «LjJI f.\ jCLtVI (jSUjj iaJ^UI (jja J^Jal blj u. J LajJ Vj i3Jt uitLl 
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jjCllKioUl pISSJU fc^uiLuiUl pjAlaaJIg til WUI 

.Master Mind «jl_u>JI jJL«J!» 3_mJ }lla jl».!_L! 
Jj^sjii! algorithm Lajjl^i. dJLla (jl ^LuJ c^l CjIj'^Ijj-!! (<s-!Lc lJj^j 
La_Lu 1 1 " 1 I j La a» > 1 1 ii j^c ^i!Lo JjJJ V ■ " 1 I j La -- 1 I (j-a JJLc ( _ ;r 3 4jjtll (_L^. ^1 

/^j-u-a (J->*J xcu^J *_U^aJ 4jjL$_a (Ji /_c I tla < a 2f I ^LSjjL) ^ J ♦" mXl A JLsr" i u 1 

L4I (jjijla JjJ! LflqlLalj ^yll! i-.ljU-Ltl jjlc. La? i3 j|,„ JVjlI^I 3>^ er^- 

(jl jj* (^Lila-i^V! *L£jJI ^ jljLJI tfUoVLa .2_us_&Vt <j_a ^JjVl <t»-jjJ1 

L_AjjJ JJ-^- 1 Cji j i^LjjJlj i* )1 i n-»J1 «Lcj-i_u (j_a pjt>\ 3j_l>J1 a-U ^ ***''' ££jLi_a 

(jrtfo-LJI (jLtil ^ La. j-ua j j U i U pj^jii^itji/a^jj.^iiUiU (_£ ;" 1 ni l (^i^. 

Jj La ' 1 1 <j-a S-jjutl J^l 4J| j£jll <j-»a deductive logic, (j-lal jumVI j U ; 1 1 jjt 
I r.U.V.t p La « " ^ inductive or inferential logic ^Vjii^V! jl ^Ij SI . nVl 

■ »L£jJLi3M«-,U 
j_j_L»iLl inference « JVj" mVI» -»-N La Lai i_sLjSL!I I jufc (^ ajLsexuiJLuij 
cjLlUsLjjJU aIjljt" 1 nVl Ijla <_uL>- (_j-IIj .Jgl iili nVlj ^lj ^" . ..VI (^j^La (jx. 

(j-a-La JLs. ^I (jJjl !_gj" 1 'i a (jJLc-l t'n\] Lg-aJLy" mini i^iil^iU m^j" i nil i_yi^- 

Jj^jiL! (jusj^UI 4jJLkJi! ojsjj 3ji! JJI <i» 1 nl cjIjjjJlJ (-5 i^. J j * -*■ — 1 1 (_^>-l 

?c_a^La 7r j iXaj M^J_L^_aIUl *j->J1 1 JLA 4_jJL) (_3 ^JJLJr i i uj . La cul , ,ia (Jjv (_JI 
, <d U ,"j rt L$_ajjjj /Su\ j-jjljlU (j^~ i uj . alC f]S> m l _<~ 1 LLa ' a 2 1 ^ISjUl ^_alj-l 
i^LLa s L£jJ! ,j_a IjJLS L-iLLajJ (jl)!j i L^U. j|jj,l JSI mU pl^jLl i3^>- (j^s 
(^j-La_i m^j^>>i «Lo*u jj-a d La lJ \j a ^j^N"i t n LaS i(_5j)jjt_a alc ^J^. L^j ^j-ujj {jQ^ 
. CT JLcuJ'^l sL^jJI ^ <-S>C: La JSj 3ij<"imUj 5-aJJr"imU tLilLalU 4jJL«II 



Symbolic Representation: J>_ J^jJI JmmAnJI 

LuLuf Ajir"m" L^j| ijJk (Jr £.\ iU.^VI sL^jJI J-alj^J (jJj^l 3 a mil (j| 
(jt 5 JlJI i ii II *j S. d 1 J L>.jl_t-a LuaaAJ JS i"i" 1 JLA (—3 ijr^J ^J a^J J^^" O-^J 

(jaSLlj mJjlcLoJI m;^" i ii U jjlt'i iaL3j2I i5j-<-u (JjLuj (jl » .Jaj • •■_' V <_ i > nL>JI 
VI JitH (jl ilaSI jJLtl o JL^J (jSLaj Vj binary devices 5_uLu JajLJ ,jjs <. i i.iLjJI 

(jjJUfc jLii>.l mJJI J^J ■ « j ii i r-i jl I » <__l La^J j-aj-J (jl (jr^C <3^' 0^ * ''"'J JL»>I 
(jl * J-Lali i •■_' V li i iil_>JI (jl 4_ljLaJI 3j£_i)l jl m*nl ^1 (J^_l«^jJI (jjj_ajJI 



IS 



1!il (^H^J * q j *^ ' (j **U (J^-^ Jrh! -4 - 1 ,* ^ ' ' " * *» «Ulj i« V jt /o_*_i» t_^9J-u -n j flJ i 
4_ul£Laj /^J! % j uU 1-4-4 ^—jLujI a-usoJl /jji^. i-Lcaj] J_aIi-*-i ^-Ji i u ) VI -n J all ^jl 

cjIjIjJU! jUtjIj jljJL*i]I 4JLILJI /o-ukLiLlj . -.Ijj.v.tlj jLCa^l <^c j_l^»iJI 

4-ul£_al (jl i'l i"i Vj . 4-uLuJI Cj VL>J! ji pLUsj^/l 0JL& (j-a 5jo Laj a O^l jS. i""n 
L^g^Aj /jy^J' 4_uLuJ1 j^o-ajJl ^ la 1 ul aj 5, ' ajtX I q H!-L*-J' ' JJ ' agJl (2>£- J-^*-"^ 
. 4_cSLa-a CjIjIjJlII jUtjl <Lu t~ 3LsLx-a (_Lt-><-! t, . 1 »L>J1 
^j^ • i ^Iji jj-* (j c ' * *a ' »aVl ^LSjJl ^_alj-j *_La_i La » xLaJI * JL>.qj za. 

vZjLJLsjlI! ojla /?jLu aJlJ-1 1 n~ La LJLc <jSLlj ij-o^l ajJ I Jl 4-ul m-»JI ^LJujlI! 
cjLlL«_«JI ojut ij:j-«-a (ji ^^-ui-flj iconceptual level (^Ij^V! ^j" ... U t;r l£. 

tc-Usjjj . ;y_aLij_ill L$j j»j-2j (_^J-II 4_<JVjuj-uVI 4jJLjjl1I ^\ (Ji-J-u-u 4-ul 1 n-»JI 
(_£ 4_LjJt_a 4_a^Lt_a I ujajk i JL9 (_£J-li w <UTI ^j^-»- .""II ^_alj-l ^j_a (JULa lLLo 

I^JjV! ^Jn mJU 4jj-ajJ1 Lgjjo-t-^ 

<(st_La_u_uj /j-4^>> (j- (j-*"-*- 5 L^£^' B 

'.JlLa 4_j_aj9j 4_a^ 1 ♦ I, 4_jJ 2f Ju_*_u1 4_lLjjlj 4_aLu2J t. < 1 nL>J1 L^jJI (J_i-£^oJ J19J 

.((duL^_ij-^3 «L>.j_i 4_iLa ^zjjX\ 3j1jj>. 4j>.jJ» 

jj-* «Ljj-_aj fiLao_Lt_a aJL^-**i i tU (jl w c I tla < a 2f I ^LSjJl ^_alj-jj jj^- 4 - 1 LaS 

•.JlLa CjLjJjI t __palj-at jci^, 

"J " (J-* P^ -1 jj^JtJI)) 

'.(^^LS (_Jjj>.| 4jj^j 5-ajUa ^1 Jj^aiU 
tJS i"i 1 ^j ajJI I ^ 1 ■ ' ■■ 1 ^jt jj^-4-i (*Lc fJS. m 1 j La d 1 1 I J 1 ■ 1 ■■ i /^-Ji jij-t^^/1 » 

.((j^^sL^. 

4-ulj ii" 1 ..VI jl 4-JVj" 1 .iVI CjLlLsjiJI (j^s fj-'J' I J-* (jlr j I LaJ La SjLcj 
3ja i»? 4Jj transmission of propeties (_^aSI i^aJJI Jii ji inheritance «3jIjjJI)) 

■ (j^KU.^VI *L<jlII *Jk ^ 4iJLi 

Heuristics dlAN*HI 

( _ ;r lll (JjI 1 n U 3_uLj^j ^cAjia u3x\ «L^jJI ^_alj-J 4_uLuJI 3 a 1 nil JjLajj 
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jjCllKioUl pISSJU 6^uuuLuAll p-ufclioJIg til WUI 

Jaj^aJI £j\ a i'n ^jl\ L$£.Lut (.g-ijj (j^tl S.iJL»Jtl i " 1 1 j La -- 1 1 (j-o 4 1 1 nl i .1 Jy>-J 

^Ij a_L^ai j^ Jj-^ 1 c^S <-d < (5) ->L^VI ^1 *L*^VI <>a (jjj ^}La 
( _ ;r lJI j_L»JI 3j-^ L?"*-^! J^f-^"' O"^ " " &"? " J-^HiJ • '-fl 3 ''-*-" tjl 1 1^3 V 
j^j-j>.t «Lo_jj-La ^—ll y i - ijal j O^aJI jj-u-ij /jj-^ 4_t-£5j-ill ^LojI x_a 4_a_i^La jJljj 
.1. i i.iLia CjJSj (^ jj uixll j_L->JI ^1 (jrlj^l 2_2jj_LaJI Jj^sjj j»J-C 3JL>. (^ 
sL^jJI ;y_alj_> (j a i>i 4j_«_i_ijjJ! CjVjLlil j_L>u (_^-!l PJ-^J-^' " J -*-^ * '- Jl ^J 
;y_alj_l Jl>.| J '^_' JlS ^LitLlJ . Lsjijjla l_Lajj^ai. ^L>. LgJ (jV ^^1 "U , ^.Vl 

^<-l ;U,^VI S L^JJI 5y_alj-i i al '^" ^1 symbolic integration i_gj_aj_!l J-aKi!l 
Ja-i . .. ." t 2 ^ 1 1 , ,. tl 3_S_jj_LaJI i." 1 1 ui^ I nK (_£>i-t (_Lt- S-SjjJa ^Ir o.}Lij£.V 
*L£j_L! L-iaja. VL*_a ~'<j La 1S1 II i_lJ<J J-alj-J J^ uUJ .J-aLSLlJI 3 jl o r 
(j^ 4_ iSL^a 4l2j J ■ Vi'ai JjjLallJ 3_3j^jt_a 4-2jjJa J^>-JJ V 4J2 ^^ I "U ,^.VI 
CjVL*i>.VI JJLC (ji La^Jji '■(> JJ ml lillia tgijjt-i uJI jjj <j-a 3-ujLA 3jL>.j_a 

1 1 fl-ilc (_LaL^ search o^e-j «lj-^-l \-4-*-* Jjtm hj =L>-jjJ Ijl>- j-fj^ 3_cSLaJU 
4_j_Lc ' .j (_g jjl j U M t ^c Jjl^tl ,_£j_<_u i-ajjj V Lul jj* j^i-VI <■ i j i nt tj 

ji iplj J's uU 4J (j-OjJLa la i njt (<i^J^i Lai ij«Ua CjLSj_>>j Sj^ll Qaa£.^UI 
sL^jJLi .^ ' j j *■ . .. 1 1 (jia-K-i jLLcl JtSj .sLLc y-l i a flVI (JjJ_jj_j V -i j j 2 
jy_oLij_i (_gl <Lc I Laj i ■■! j»J-*J >LcjVI i -jjjiijjj Cjj_ij_A -1 J ' "J" w cllLaj a VI 
*LcjVI I JLA I Laa. CuJ JU3J . Jj-><-!l (jJl i n'lVI l_i£.^iJI ^j" i ii a ^1 Jj i^i^il 
Mq**. 4_4J^—A 3jLLa_ll T 'J k '"•'' z?-*'^ i(l985) (j&\ » jj galLi uja *(j-aj J-La 

.jO^la 4ljla CjLui »l i 1 1 1 nL ^j-UlcMj! 

Knowledge Representation Atf j*AI JmmM 

^J-u-aj)) L#J (j I /^-S g I ' ii> VI ^_alj-j j^^ ^.^ I ^a < ga * I ^IS jJI ^-alj-j ( allLseJ 
4_J V Jojj/VI CjLiiaJlJIj ( _ ;t j>.jL>JI («JL«JI (jlj ^LLaj (^C J-JJIJ (-5 -^ ■ (l 5-3j » a 1 1 
aJLJt-'i i iij V 3jLc 4JV j i iiji I JUk S^jjtil (_Lu-a-i (<i^ (jSLajj .i.ii »L>JLi 4jj_ajJ! 
4jJLltl 3JlC.L2JI ^ J7 3*.yLxl\ ^j^j-» "~tl iy_alj_l JL>. I a JLJr" i nj JLai . sLujjSj Ijj^J 

; IjjaliiVLl (jiajjJkl 3JL>. ^j^j-» '"■"' ^j^ 
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(jLa ip! jl»^5j <lJ i^ac a V U j » i"ij j i4_JLc (jiajj-U Sj!jj>. 4j».jj <jiuLs lil » 

(j-Cl <-La loVI «LSjJI ;y_alj_j ^^ SjLcLill 0JL& JlLa £>£■ j_iajilll QaSLjj 

4juj jj-ujjj (JjuUI 4_jjt_j_LLaJ I LujlI ^—11 (J^oSj La • ) J^' 4Jluj jLst_ilj 7-o_UaaJ 

L-J Lalu 4jjjl?"tl ;y_alj_JI (^ SjLcLUI ajjb £>£. j_ujil!lj . LlJjJI '■. ' ' nLaJI 

jj_a (ja^Lmi 3JL>JI oJLA ^^fl (jr^J • ^d. 1 . 1 ' "" O' (J***^ C^-" (jlslj-aVI i_dijj 

*_a J-aLtjJ! (^1 t-Lljo w • La II ^j^J~- ""H jr^LH ij' '-^- l * <j-° J-^^ 'J 
4_j_Uaj-a j^palj-cLl (id 1 1 11 ieu a (J^jl" 9' «4_(i_L*_iIa (J^jl" J^-* ^-4J-*-° ^-iLagU a 

d '"j rt Lr^J^ ' ^-^ (j' ??-*L)J-^' '-HJ^*- 1 L)' ^ « LcS A L>^1>^ Lr^J^ d ^ '**'"- ^ 
Sjiajvall 3j.}L»JI <_ 1 1 »L>JI ;y_alj_> (jl i'l i"i zj .(jiajjJLl *i 1 n->J (_£jj>.2| «ljj>.2Li 

«4_l£jJlxJ! 5j uAtt« 3_3jjt_a jjjs pj-JI Ij-A i_gjj-»j V a^j-II 

(j-u aLjjI /J 1 aAJl [y£ I iLa ' ^ vl ^ISjJl ^_a1j-» ^Lu (3j-k Jr!- 4 - 1 "-* r*-^' (j-*J 
jljjii . <t3jj<Ji.l a'jJt AjLJ-'nn ^^Jl mechanism 4jJLkJ.I i«-LaJj <13jj<Ji.l SjlcLs 
-*L»_aj_jJI d_i_L> i-;-^^ La Lai 1 2 * j j a " L$-uL«_aj Ljii^Jj i4^ej^alj 43jjiil 
j ' ■■^" /^-Ii 4_>JL»JL1 -n La ' cLca_aj?E_a J J a "^j Q ' ^ "^**' ' I J^J-*-^ d j*^ ' Lt-L^aj ^ jjl 
(Jjs-lj-a ,j_a c(_L>.j_a (_gl (j-^J 5JL»- ;_gl lJr £ JJuxi (jr-Aj *J-4 3-3j-«i.! .ilj-a 
^^.3 4_La_S_iJ! OJl^J Jij » i 1 11 . VLfcS (JVjGjj/VI (julj^ £yz (_gl Q5SJ /J-aLlj^JI 

.Sj-uiJ! tLoJaJVu (_j^>L>J! (Li.aAJl 
(>u w -^-j'll J.^Atl til) j ^^JLc jjs-I VllU (.f^iUI JjiajJI J^alj-J Jjuj 
4iil 4j^iill Ji£.ljil! tj\j [jJt J LaAJI IJLA OJ^J '??- '4>^' w 5 3-3j-«-I.I SjLcLa 
^.aLij^JI ,j-a «j-><-!l iil!!i (j-oj-S-iiJt oJLA (^ 4i«j»- (_gl <bu^ JJLao (^ylll-La 
(j_o (jL^ I jl I «- 1 » . U 4-jj < 1 II J c lj 2 Jl ^1 p^-jJLi-jj^j (jl (jSLaj (_£J-!t 
^^.Sj . V aI JLc I jJil I aJJt 2U , iijjj 4_jJ| L^JL>.jl /<uj SJLajv ^1 J-fI>J o^-*^' 
^jj_j tjLS La-a «L_>JLiuJ f\ La * ^c d 1 1 a ^* a 4j^jtill JlcI^^jI (3^ (*^ (j^L-*- 41 ^' 
^_auj-Ajl j-uju ' 1 1 Laj * tjlS tiU!i ^j 2 JlcI o2Jl i>J_A J-i Jjuj j-jalaj 4-ij* i<t ^—11 
.SjjJL^. 4jjJLI SjLcLa S^LUal LlJjl I aK 4ia^L 
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Jj^jjJ! ^Ir L^SjJls (_y^ !_,** ^ *k -^Vl *KjJI ^alj^J 3jljIjJI 3 n i nil JioiIJ 
4j>-L>JI ojsj 3_aj^L!l cjLjLuJI j-;i-«j>- j-^jj ajlc 3JL>. ^^ t;r Io- (J5I i ..1,1 (_L-»J 

J_JL=lJI *jLu ojSj V (>^. i^.Utl ^ lj-u£ dilj vIiJlxjj . jl>2JI JUejV 
aJ-tb ^j^S ' .' S ^ » j I'-'" i ■■_' Vj j I Laj I VI J 7r n i nl V jjiajjJLl 3JL>.j Sj_aL>- 

^J| j La '-"JJ jL_pl_lJLi L3-L0 Jjii" i nj i n (_^jJI (JjJLstill TJ-jLoJ jLLaHil 3JL>JI 

•to-"- jt>* iLi=31 
. l jl_j^>.2l ^^ » j ^^.a I j 5 La j. (JLclo-l «_a LiIjj^j JJal L$JjS jl iSjiJ^s j-^ 

i3_aj^M_JI CjLjLlJI ^-J-«j>. t-jLtC. *-a 4_jLsjlII LuLo. ^^ CjIjIjJs JLalLl La !j_u£j 
LJLo~l CjLiLjjJI (_>^a-»J ^->LlC. Q^Sjj . LjjLs jlj_2JI LLaj» ^Jl <M3-I (JLaj W ^"'^.'J 
<-3>jlj V (_£ JJI r-J^LH-" V*^ ^Lta JLiaj • I fl-mAJ 3JI 1, ill 3.j ; Ut 3^t_0J 
JlSj ^ La 3eJ JL3 CjIjjJl2j ^1 Jj^jjjj ^1 *^^J ^^ Cr^ cH^' lS'jJ^' L^J-" 1 

Conflicting Data id jUttif wLlUJt 

JjsUlII (^lc LgJjJLS ^^ ^yC.1 lla-LoVI «L£jJI J-alj^J 3 inaLjJl 3 <i mil Lol 
A 1^3 al ;", 1 1 CjLJLlxII d j<i i m La IjL&j i I liuj I j i^aju ^li^aLb _L£! CjLiLu »_a 
lil! !i TcUajjj . .- I U^-VI (jiaJLj L^jjjIij (jylll CjLiLuJI lLIJj 4Jal i n m L$j ( _ ;r uuj 
La_Li_i i d",U^\l ^ (j£Lx-i CjJLs- ^1 r - it-J 1 1 (j-° (_£ j-^J^ *— 'tP* ct'^" ij^' 
10 + ,j_a j»L3j^l ^-jljJljj .4JL=e_us ^Jl^i j^JLc OJ^Ls J^ ^Lo? (OjJI JjJ 
7t_ijt_t-a j-lC ^j^ajLoJI ^jl /^j-uljj) lO-^—JI i(LaL4-i vr j-r to ^j^ajLaJl ^jl ^-Juuj) 

.(JjtAJLi I k ~- j t j^ t_i j I (ji ,joJL>JI LlK ( _ ;r s (_p3jlLfljj . (3j_tLi 

(3-)j-jU V jli Ijl 

(IO+)^jL^ lo^ 'M "2 

(10-) jjLiujK lil 

j-lc jj-* UL^- 1 ^-^i- 1 i^Li-* I ^-*-J 7T ^p-* CjJo. /^JL-i J-^ : «L^t_Ualj ^J 2f J**< t u 2f 1 
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(ja^LiJ (jLLuajLiLLa (jQjjij (I) (_J3 (juajLiiJl (JlLa-ij .* ) Jutj «OjJL>. (J_a_i_>JJ 

l_Ua-3l_LJ ifJI '( />> (j^Jj . i_SaJ La j_lC Jl>.!j OJSj ( _ ;r 3 I 1 gjj l -. (j) Ll>.Lj-u-<-u! 
(^JaLi* (j-O^jLaJl JL>>! (jl La! t^jjjuut-uJu JL>.| i_£o-*-u 4J (j_u_jJJ i(2) /^ L^tJj-i-a 
(JLa_a Jljo La 4_L^j_k5 J I LLa^ i"i jl xj dVI ^^ja Jo. Lj f«J 4J2 Lajj t LaLxJ 
'j^-." II ^^3 I Laj. i-dLufc (jl (Ojt^l J-Aj (^Ll!! j j i .. *"H Lai i(jajL2J! (jjxLaJ 
^Ir dLoj^Li Ijl ar ^j^al "tl | jjt (J^cJj • j-2j a! i_j jl I <j-ujL>J! JL>.| (jl (_£l 
.w_aLJjjJLl 3_3jjlU J)lj^ (_^Li *-a (jiiSLuj V (_£JJ! (JjjLoJI 

The ability to learn (tiflnJl &i* jAiil 

^LSjJu ^ ' 'i**(ll ijjjl i nil j-uL*_a JL>.| «g I U^ VI ^^a ^U"jl1 (_Lc SjJl^JI)) (Jli-a_j 
(jl c_^e_]j .4_SjL_oJ| p Ua3» 2 1 (j_a 3 SI cu • ■• z I «l^t_uj ^Ij) 2l «j^ i n-»o (_II (_£_}Jjj 
j_Ju-jJI (j_a LjjU>-J U LaLa-l Oj-j^ljLaj jLl«jU I JLA I * S i U jj Lul LcJb (JL2j 
3j JlJLILj 4£jU! ojufc ■ t— ~'j~'^ • *Lp jl Ijijjjjlj (jl (jSLaj (j-«-a (Jj^ J> Ji£. (j? 5-"" 
J ir~ia-Ulj I jl .^tlj 4 |_lJu^I (_y^ JiiLilI! i_alj iV*u nl 2«* I U*. , ,.U ^aJLtlLJl (jlr 
JUjc_jj • 4-j-i ul_m j-j-C CiLaj I » U J)l * i"i i nlj Cjl_LaajsJ(JI ^1 CjLujoJ! £ya 

^^.U! cjVL>J! jujl^o (j.3 5_ij < ua ^ <-! ;U,^VI s ^jJ| v^ ^ (jaio-LJI 

LaJi .(O-LaJllI! I Jj' a ■*■ "">_' V (_^-iJI (J!^>.^(! iJLIIjJ)Jj lj->L>- I Jj'a (iVLa-Cj I (jjSLj 
(_pLa_lJI (ja-SLj (_gjJ! 3' J ' "^' JjJ-><-' (_5-3 4-1 j » i r-1 1 1 (j^s jJ-ili (_>»i^j OJ^^^ 

Sjjua (^ w c I Lta LaVI «L^jl!! ^_L»-Lj J^>-jj . Utjt i^i <>jLU! uS analogy 

(jl dilj) iSjLiil 42j^J) SKnia S-uj/Lill j-lC. oLaoJjI! JjLuj-uj/t ^c (jLcujVI 
( _ ;r jk SjiJjLC (_p3!j^.l ( _ ;r 3 I Jjiia 4iLtj>. (_3-iJ!j *<- ' ' uLseij 4JuL^JI Cj!j_uii! qjz 

5_iJK uiVIj .»! j uiVl jLj-ui j ajlc (j-Lc jjLa-^LuiJV! Ji«J! L^>iitj-4JI 

(^ (jlmntl ^yic (jLcuJ'^! 3jJ^ (jl ^yA ^yC.1 :U,^VI jL^jJ! j»Lal 2 ^jj la ' I 

(jlj i .it (jlr j J> La (jl i .iWLa . p U~ 1 1 ^\c SJSL^JI SjjJLJI ^ j ta »~ (^-iJl jLjjLallJLi 

-I * Lia rfs_Al 9_A La _^ 1 c j—jJbj-Ilil-cLaL^jl j-;tc 3j-uSJl (J_j_t-a LoHJ I (_j_uLu jl 
■*■ i ' * J j .«L>.L>JI Jut^, (J_j_t-aLo_ijl i>J_A pL>.^lu_ul dt^aJI j--^' (_3 » ^ ' ' " 'J 
j-ujjiJI (jlr IjJiLa 4i»j>. ^^3 Sj^j^ p U~ 1 1 (jlr 3jj^2 i. . . ..L>JI .- 1 La c I 3K »ia 
(j_lllj)) 4_aL^JI j-^ 3jLa_>Jlj <( ufcj^jGj (jl c_t^e_i (-1UI)) 4_aL$JI 3jLa_>JI (j^_i 
' ajtj^a 4JaJL] «LLL»_a j-la_) «L^>.j (j_a \ i"i ♦ i (jl (jS-a_j La (jl .« LAI i u m (jl (jSLa_j 
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jjCllKioUl pISSJU <k-uwU/UI pjAlaolls til WUI 

(jl -p I *' II (_j I c 4_LjL^JI (jL^u^l Sjja jju^ui 4JLl<L>JI (_ya jjk (jL^iVI ( _ ;r a 

Lt - L a rv L^Jj^tJ (j_« Vju (^jLd_>jl (j_a «Lc^_aj?e_a (_£jJLo t _^ i a^U>-**( i nl (J^. SjJlOJI 

V «.L£jJI (jl . (jl i .1 tj-LI 2 ^ j^*^ 3*211 J-ol^- (j-a Sju»-Ij t;r gJ Sj^ljdl f^ 

(j-O lLLIJ) (jV lj_J^>. <((JIJ_i_u (j-j^ I 11*11 )) 4_UtJ 4_i_uJl_4-4 y^ SjjJLll 1 Jul (jj-tJLJ 

jL*ju 4JjJL (jl jljjj Laj iu i <iL=»JI l^j j i <i~Sj (jl (jSLxj (jj^-ll t— iljL^JLl (_>^-<-ul 

d Q~(j? ^J" w a J ""V I JlAj .4ijjtll (j!j_o.l j_& (j-"^ «JaiIlJ *LS jJI (jl j-tb Lufc 

jlsj .database oLJl j j II jlcIjJs ^alj_u ^ I ;U.^.VI S L^JJI s Ulc aUiaI 

{jJ& L-!-!^- 5-aLAJr" i ii U (JJ-^J'j TC-aLIil jj "- a (Jj£jJLj CjLajUU »l ulr Ijj 

3_jJVjIx^Vt CjIjJlIII JLioV LJL>- (jj 3 T~'.13 ^^i^' JLclj^ 4jJL«-aa s Lu 
I a 1 **' se rt la se i fl-3eJu (_cLda_t-a z I ^LSIxJl Oj>.u (jl jj < ajla . p j se 4 1 iQ (-^ 
sLotito 4_2jj_Laj CjLiLj-lJI (jj^eJ >#^ CluLuJI "J-^'j^ *Lu (jt^ f'J-^i LaJUX. 
4j_2Ja_m CjLJS^M-kJ! u ii i ill ( -5 -l^- CjLjIjjII 4 ^j 1 1 aJ (j^tJJ Oi-iisj 3_j| juj| ( j_ a 

.(JjLuJIj 2jj< Atlj 

J-JI J&rf ^Ui 5S I U§iJ! £I£U« 

Ij_j_q j_u3 (_gjj^ <i"tl J .^.Atl |j_a (^i LgJjLul_<-u (jylll 3j_ii.2l a_LaJiil Ij 

•.(^LlII (Jlj i ..II (^ j^j-u (.j-Aj ^<- 1 ;U ,^VI S L^JJI (^^lo-Li (j-u JjL>JI ,jjs 

(jL_ujVI I j » jjj ( _ ;r lll sL2jjJaJI w ^ I '1^ ■ -^ VI t IS jJI jy_olj_l (jiLso (jl t_4j*j Jj* 
3_jL^l!l (^ ^lxLjjjJI Jj^sjjj LtLU ja^j V 4-2jj_LaJI (jl aI S (J5I i nU (Ja. (^ 

<4 y'^4 ^a «Li£^_a cr*^ ^-*^-*^ (Jlj i nil I JLA (^1^. (jL_uj VI 4_iL>.l (jl ^ ♦ mi I a 

J i " i"i I LajLLc ( _ ;r jj/L<j/^(l Lt^JLA jj* La .^LUI JIJjjJLi I j*'* J-^JU (X>*"' 

<_ . i .iLjJI (j^s 3 'I alj uVI aI (jJI i .I W I *KjJI -i j'a j a (_L* • w ^ 1 ;U,--.VI jL^JJLi 

(J1J inll (j_a (JJ^i 1 (3 i 'ill jLlitj (j_a (jl Tc-ual^Jl (j-aj ScjLc^Lu.1 «L>JL*_a (_b 
c!1lj ^ - u 1 p3-i j-jI **m i nj .(_iL(jl (Jlj i nil (j_o (JJ^il (3 ' ''II LUajl jLL?e_u_u (JJ^il 
. LjLiiaJiJI oJUk (j^s iLa^j^j lSJ^ J*^ uij w ^ I *t-* -^Vl *LS jJI («JLc 4_i (»jij (^ j-II 
Jjjj dll j (jSLIj ' I J i J^l (_gj^j-U3 Joj_«I/ La *Ul»c SLsLa^ (jl I JLA (j^uy Vj 

. L^jLJI (Jji^->LaJ sLj/ljj) (_,i^. Lujjja (j^s jloQJLi 

^^jj/Lu/VI i_3JL^JI ^jl\ SjJajJI ( _ ;r 3 i—S^Lo-^mJ I i-rji*i-<jj (j^ -i j aj Vl i_4j*jj 
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j_^c.» Lr i\ 1,1 't^l j U ; 1 1 sL^UJ. i_l£j j^oJI j-alj-Jt (jl (j^.1 ;U.^.Vt ft l£jJJ 

t_4j*j Vj i^j aUtl i^cJe-lII Lajofc (j^J r<sJ 0Jo-J «_flJjLa . LgJ «_aj V jlj «3jjiia 
4_a-jLs w_al_til iJJLA (jl JliQl! (j-o J-J^IJ -f-^-" C?"^' i-'Trjil *uiLLa -3J^tJ (jl 
■ 3 ifu-al <alt fl jVI 3tLo£ 7">La (Jj^ 3 ajl i ,i 3jalr (j ,i i ,il (jlr 
Oo-jJa (_^lll <ufL nVI ^^ Jj^l jLli. VI *_a (JjJIj t_iLjSL!l I JLA ^^ I * a 3j a J 
(Jlj i ii II j-j-j-J Lx-« (^L^ljVI «.IS JlII («^-iI jjt i ntl J-&J i4JLLcaJI SjJLUI ( _ ;r 3 
ftt-g-fl-j V Llj| *_a (j-il m-jVI tijj I i ii II 3L£L*-a ^yfl ,_Lalj jl LlI ' "j< '.(_,] Ill I 
Sj mi j II i_S^il>.Li ' aJlaeJ liJjl i nil I JJt jl Loljjl f-aj L$j J-aJLJ (.^l" 42jjJaJI 
lJr £ (jjjLcJI I j < fn V (_ 3 lll 3j-^' (j^'J (J^-2j (j£. "-Sj-"-! (jl LliSLxj 4JI JljU 
j la 1 1 1 '& .CjVLals-VI (_>^»J ■>!« u i ill (j^Lc lj-* LiJLcLcujj ii_ialjj.l (j-a JLjJ-kJI 
3«ljJS ^1 T-LlaJ V Lu? 7r i>il^II ,j_a .(i3_ul i n'lVI 3jiill < j'*»" 3J| i na ^1 ^L°La 
(jl LjJ (jA-a-i (—JilJLij . I j 'j o tJajq -n J-^ ) L?^ < — i 'J^ a 3jLC La 3jLt£. pi a < n jl 

V 4JLi (_g^iill ^ 3 - — • ' 1 1 (jic p^LUVI jlj^J (jlr JlaIhj ?y_aLij_i (_£l ^Ir jaSLaJ 

V L_Lj| Lxga-jl ?r <<t1^aJ1 (j-aj .«LjoJlLII 4-L L a- t JU ^-jv aj a£Lu_ajl aJslajl (j£. j-l*s 
^VjJI (JILalll ^^ pJ-""-> (<U 3(jl t-jlj^.VI Sj^a- i"i «Lcjj La 4laJ>- (a^i Ijjj 
3JLa->JI i_jl^cl (jllLqX jl ^1 (JjVjJI J£ J J uUJ • LaLlkjs ^1 J'^' (^ LgJ 
^£j * 111 (J- ils e l jl ^_alj-j jLs ^—IllILij ijllaj^ilaj (jl La u j a L^ll 2( J j j i tLdJa 
(jlJjLa (j1_i J '^ a II w I c i " I J <M-C I ( _ 3 lllj iSj-o-VI Sjlill ( _ ;r 3 CjjLj/ (jylll 
jV (J-CLlLojl! I (j\j '"•! ta^ L^j'j 4ilJI («-^ ^^ Lc^jJa (j^. j-^j V (jCuLa-tJI 

. jl i iuVI (_L*Aj L<i^ (jdj.la-<JI TrLa-4 (j^ ^^J-^" tr^ J<S ' "I j^ ^JJi 
i_jjLalII jijLuj Introspection jl U ,", ,„\l t ,jSL<u 4JLa j^T S-^^ 6-°^ 
jj£_a-i Lie =1-*^ CiLajU aj LiJLxj jl jlj^VI (j^Lc (j-aAill »l ulr L^jjjcj (^lll 
"ryzm jl (j£La_i CjL>.llJli_ul (_£l (j^.J t*l JJ J ' ■■ I *La i La dj se * jl ^-jL-uj^I J^*' j 
«_ al i n II jl i^jLS-L) CjLjl^^j (_glj i)> n i n_) jl Ij-2j L«j5 (^LcujVI j_Li«JI L$j 
i>J_A (JILa ^_jL1j (j-^-J 4JLuj 4^^Lc ^-la-u dt^J SI A.i La a> (j"^ili L^'j iJ*Jp 

.3jJVj1x^VI oLjLsjiJI ojut ^Uo ^pJI ^alj-Jlj cjjbdll 

(j-C I J SI 3 I (j-l i ii -sj ^ If (j^LtLa .^Vl ^l^jJI J-aljJ Sjjl^ jLfl lj_o-lj 
4_ajLja-**i i nil fiL^-aj-jJI -n La * 4_a^^La (^Jla /^Lc JLp^ j-*H/La a^J Aitlll ^JjjJa 
(^ ^alj^JI tfJLA J Mi'q jj? La^ .(jLcajVI (JjJ 3_jVjl^VI CjLiajJI SL^UJ, 



20 



jjCllKioUl pISSJU <k-uwUAjl pjAlaolls til WUI 

jjfc L4SL3 .(^LjijV! (jlaJLall L$J 4-JV J_uj/VI 4-lLj-kJI jJaLu aJ^. (_j-t*J fiU'tl 

.2llUj«JI 

*L£jJ! oLjJaJ 5^*_^ jl pj.V j-a!jj 3jL£ ,j-a juV 4jV ^Vl i_^-uL>JI 
interactive 2 j I cl 13 u>^ o'j ^^ J^'j-^' fl, - L * O^ Ij^'j ,_,** I ;U,^VI 

Cr^ ->f^ J^H^ *^ O^ J^"-^^ I J-^-*^J J->^ f -0 J^!-*-^'j JJ SJjLS ;y_a!j_l 

Jj La * 1 1 aI^, (j- 5 " aj ui\\ jjjjJij JJl CjJLcu_u JL9j . aLc fJS i"i 1 cLre-aj-jJI d J7~ j * rt 

3Ja-2J J'C mi Lxjs tS-JVj'i.iVl cjLlUj<JI formalization 43jj 1^ j-j^Ioj (^^Lc 
sUJLtj ^yCil ;U.^.VI il^jJI »Ulr SJa^Lc (jl LS ioLlUjlII ojufc Jj-U-U <LjI Jj 
i LjLUaizJ! (j^s j_uS (^3 ja^^toJ (j_a jai,jJLi 4-uL-aj2l 4ii!l -1 j*l 4jjj_j_U3 4iill 

, ^ ? ,IUjj, ,1 ,^,-SMj ,1 A>T< «UJjtj i2jI^>Lc: w <-I ;U,^VI ^KjJ! «Ui«J (jf U£ 

sL^jJI <j1_i (Ji.ljLll! 1 (j_jj)j_> Oujj>.jLa oJjLu JLSj 2 A , ..lAtlj «Liia£.V! 
(_gJLj^-<uJ! L$jL& (^ (jj^jJI (J-lL*_U! *_aj (J-LLaHJu a^JL«JI (_^Lij (_yCLda uaVI 

3_ajLa 2j<i it? w *~ I tla La V I «.L^jJ! plr fjS 3 i .ij'ij CjVL*-a Sjj^lj i. , i n*^* 
3_lJI uuVI 4iiJ| ^ j'a interpreting images, CjLujJ.! j-u^iij '.^^-Aj <*Lj^M "J-* 
i(cjl_LjjJk! j j i "*") Jj^l pjjJsjll r'Llrsj ./nU'll (Jj-^J '^hh 1 ^' 4j»Ia ■'vlj 
! j_A J-OJJ t 3 i^iLjJI d "' J 7" J ' " J 4SjJa 4J (j^/ 43IJU i—i\l£ 4J Jj^J (jl (^Jl 

|j_^_i (j-i -1 " j U «!j-2J! )«-j>.j-ij iujLjSLII I jut i_iJJ_a (_^3i .^."-^-1 (jLi 2 - 1 ?rjL>- 
t_jLlSJI I jut ,j_a JjVl c^ill! JjLi-u . olj_i jl lS-sIj-j (j-!1 fj '>>jll 
aLjJjJJ 3_jvL>JI Jj^>- t _ =r j LiiJ 1 tiJiJI jjjj L«-4j '3_uLvuJ^I SjtUI -i j*» 2 j ■ ^ 

(J_iL_ujJ! I_ i-JjJ j_3^_i_i (^LlILij 3_3jjtll Jjljjs -1 j At 4_ij>.l**c~t 1 nVI CjLjJLsjiJLi 
j_Aj Sj j 1 -»J I 4-ttia I2U ^j aj at J a tiJliUI «j-><-!l Lai i3-3jjlil JjiuuJ 3-oj^U! 
(_paj-»_u_uj . Cj Loq LtA I <l J * 5j (_3 Sj^j (_II (^Jiljj 4jLo_j_LLaj (_3 /^-tc pa-Usa-a 
(j^. CjJLa-"ii .1 Lsi iu 1 .iL>JI 5-IlC.I 1 11 oi jdjLil)! (^^ SjjiJ! 4-aJa )i j"'*^ I ''"'J' 
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^UkxoUl .ISiJI 



3j_Ia_(_i t_iLlSLI! joXiie-iJ ijlSLa 2! OJL& tc_lUsjjJ 4JiLo2l (j_o JljJLkJ! ^ U»" . ..j 
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$fc\£\* ^\^\ 



(-JaJlja 3jJL»_aa 4-se-iJal a 4_jLmJJ ( Jj>- i " 1 1 j la ». ijaS\j CIi-lv 4jJLlL5jJI t i_i-uL>JI tl^I >j i_3^L>- ( I) 

4jjL_oj>JI ujLLjjlJI ^_l4^*l2 . pKjJI jj-4 ljJL2 ' -J tajJ t_o-uL>JI 4-U.dJI *-j-4-^ [jf Jj-3JI * .daj uiJ (2) 

tjSu a (& IS Jul /Va 1)J^9 (jLjiJ il /Va t dlajJ {*L9j1 3jLc ■ la i uaj fl 7T lyJeZt-m la 4-<t-m^ a i ijuJaq f-*^ O -0 

4u3_aj_*-a_a 4-^-iJal^ i " ■ I j La ^- L^J (j'\ ^t- I *.U Lag! slS*jJI L^JLju <jhJI SLIajuiJVI lJUJ Lg_Lu Jjj-flJI 

. Q«j*-juJU) . 4jJ] (J_i^ajj La j^-p jl 7"J-^" f ,;L"m "ij £)1 tj_«.i (jpJj JS^-Ju i—lj-uLj-JI i g » jjj 

j^JI cjVUTl-^VI jjlc o' u, ' « Uj nj^tUjyi ^IU.^U j O 1 ^ 1 j-^ JjL^UVI Ua JjL*: (3) 
- 1 j j li jJajJ I _aT I ^ il « ■**■-'■! (jric (jrJVl (_lj-uL>JI^ (jLjjJ^I 3jju3 (Va j-LiSo j-jS*T 1 j |gl j Eilll (_u*u 

ajJL (4£i3. jj-uLiJ -JIjj*. juvljJI J9J-3I z,-^ ?T ii ' ,* *— J ^>- > " < — ! '> a ■i JJ= - ■ la i "j" a f-^ ( v 

JJlC (j\ I jut Lr**^ ;d *^ a J^ 4_i3 uilj_»jj ,jl O^ju LfcL=-ol ^jj^Ij otlLufca (4Sjj>. (j-uujU i_lcV JS* 

^.uT (3 (^iif 10) = 40^1(10^12) = 80 L>J ,I(S L ^f 2) = 80 L>u | 30 juJ^JI j_ajJI ^ uuVUl^l 

.120^1 10-40 

(5) Polya, G. (1954), How to solve it, a new aspect of math, ematical method. Princeton, Princeton 
University Press. 

(6) Dreyfus H L.(1972)What computers can't do: a critique of artificial reason New York Hater & Row 
' '" .J "-/ 'j'j - ^- 5 LtiuuJ aJ_« (j^-*-° O^-"- 5 ' W c -J-^ tJ (*■! Lt-'J' 4-j-jL.uj iM uuLilll ,_& d J*J tlaJI ujLuJI (7) 
uuLiJ (\£i i atoJeJ (^j-*^ Lfcj-ic._a 4jJ_lL*jVI^ 4_uU,2l^ 4_jjjJI uuLiULS' uujjlAJI CjIjj_9 CL lljuIaacJ 

. Qc^juJJ) • 4-Ln-a ^jlsl >c 2 Cla-x-'-^ l?-^' 3-^- ! '>^ J - ^'_ a 4jtja juJI 

uuLLI ijf-Aj >- !L ^-ljJ J ^ '^ u-dj-^.^" ."■■ i ^'* ■"" <jT-^' ^-^J^' <— jLaJ (_,-* Lu^J' t-xj-uL^JI uiiLiJ (8) 

t?J_(t AjLce-Ti-i-u-ja jjl yjjiflg lilxn-Ua jJISLuU jii-a a Lilc.)) 4je-a>j uuLiJ p J q i ^*" (Ju-3 (-Ja^l 4js-o juJI 

. (AjvjjJU)directory, if then, save, type, print tjiua 4uj_iL>oVI SLiiJI ^a SLflaJ'U* uuLaJS' uuLiUI 

(J-^J 4_3a >_«_a ^^M 3 _?' 3 ^"^" u ' 1) Cr^ 3jJL»_a CjLojJjua I q ^Jfl] Cj La jJ-«-l I {_y* (jLcjj dJLui (9) 

<_J] J-i^sauJl 4_3_J>i3 al ( « ,j I Jijj-uJ I 4_4_i^3UZ. ajIo ju>JI » (Jj-a t dJSJl ^_3 JL>-I ajj (jl ^jSLqj? (JjLmJLl 

gU-t-La-3». al ^\u>.2 <L«J t j- a (_>^_! 4_4u>-j_IlJ 4_oj^Ul uuLaaLu,! I ft^-LlLl a (aL3j2I ,j_a JJ-C ■ La i uaj a 

.((OJvjuJLI) fya-uaJelll Ol^xa. ^I SLpJI CjIj_l>. 

(10) Winograd, T. (1972), Understanding natural language, Edinburgh, Edinburgh University Press. 

(11) Boden, M.. (1977), Artificial intelligence and natural man, New York, Basic Books. 

(12) Brady, M. (1983-), Computational approach to image understanding' 1 , ACM Computing surveys. 
Vol. 14, pp. 3-71. 

(13) Pratt, W. (1978), Digital image processing. New York, Wiley. 
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7c_j_d3jjj (jj] (J-La_aj| I Jut ( _ ;r 3 <_SJ_£j 



CjUUI pu^3» OtJO rj^-u (jl <jSLaj (_^lll dU i'm^I 
(_y!Laj]| JoLiiil! dju i hi (jl (j£_a_i La L$Jjlj KcLutjuJaJ! 
J c\ aXi SjLc 4.JI jl uij La jjtj utilitarian activity 
man machine interaction (MMI) 3JVI *_a (jLojJVI 

ifjj 1 III tl p j ■» (_]■£! Ul 4j Jal Ml it! I JLA (jr-|"lT^j Vj 

(jl i ii tVI (j-LJ (Jl '^" Vl (_Lil_Ju_aj Lx-ilj '(j~* ' " 
lj_A (J_jl_=»o (jl J-Jj— 1 (ju»_L3 i [_ui-3e-9 i. i i nl_>Jlj 
i_jl_«JLl! (^J (j>SLj L-° M>^' <Li-L JJJU Jl .^"Vl 
5jl LeaaeJ d ^ ;"j ' I oLilil >_JJj cU ju ^Jjj^j -2 < -» _. . U II 

3^1 Mi'^-aJlj 3_jj_._L.oyi cjL_JL1_-' (jLuuVI SLaLSiij 

4_»-L___- La (jl . _)__U Jjji ii _-lc *Luj__!lj 4-uI-j__/_Mj 

(2) 

LujJI (. 1 1 nl_>_>l 4_Jj CjLiill o JL_> _jl_a (j-u j i n-v j__ 

LA*] I 3_s_aj_JI i_jL*] *Lb (jL< jlj . 5J^I i_-_-l_G ^,111 

-__olj_j_n p_>.j-I_a ^ la i ul aj LujJI c 1 1 nL>J1 4_*] (_]| 
Vj ._L>_iVI I jl_> (_b _-Jj^l AjU-Ltl ^...-compiler 
(____. j i ,i _i? a j__> L_lL«JI 4_3__aj_jJI djULJ (jl _____ 
__.___! _d_!_. j_a J____ L$_l VI .pJLcJIj JUVr.nVI 

LiJI (___- l_L_> I j j a. I j ' 4 _^_<J1 3-JK uiVlj Sj'- I _ta Lai 
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CjijlI m£JL>.I p U" I vla-LcaJ £)! ^jjJUj 4_jjt_j_Ja d u < uaj su V I x_a jjLstlj ^jt Jaj 
La fiLaj%.jIU La 4jLjjJa JL?o ^jl 1 nlr (^jLLl L_3JL^J1 1j_A J^-liLselua. .«Lscaj»Ajl 
-cU^jJaJI (JL>. .52 1 '•'!">« 4ia 1 ulaJ-tLutjalaJI 41ili u 1 »L>JI AjLa-" 1 m 4l>. Ja 

pljA~.,„VI ^1 r LbtJ La IjjiSLa . 4J SjLeI^VIj sLa^a 3J>U <jSLaj <JSL<i/ ^Jl 

^1 M^-a /7^i=*-! JL^S n. 1 1 uLaJu CjLajUU SjLcLa ^1 £oj>-jJL> La « ( _ ;r <I/ (jx. 

•.^Ll]^ JIJ^J^uLvl 

*j '"" C jj_C JLjJ— i LxJ'J /^j-uaLoILl £l£j-*luj Cm a ( u (Jl^>- i __iii^_a £jja m£|» 

«SLj_o-u-u £ Lj-^>- <— sVl 
".(jJLUI ^t_ul t2±£- tjij ' nil 1 JLA 4_aj>.jjj (j^- 4 - 1 ^ 

,3-jJJIj (jj j!>aVl J^ 4^jjla jjjj Lul 3-taUJ.I oJla (j-utjj (1000 < ^^Ji 

£j |a * '-^ I ^" ia jL \_ilLa Cm a < u Q^>- a_A ^J c c_o*Lt-o J^-U (J4-LaJt_i (j ifl d lo a a ^a-A 
4J_iL*_ll 0JL& fjS mi jl u£ I (j£Lo_lJ . ^Lj-o* L_S V I *j m£ jj^- ^^i}- 5 Lja_u_u Luj-a 
S^aj-JI CjLLLI (jiLaJ j^l <-»ljUA.tt ^ 31,, .I,,,; *Lii] 4J>U i^La-iLi^ 
J^cljJjJ *L>.jj (jr-J-II . -Jjl , ,,A" , ,,\l 1 «j|_Ju r-j^x-i JIJjjJI I JL&j . L$j aLuLJI 
jj-a ^IJ , 11 tl 1 J_A (JILa J_jo^>oj . L$_La CjLaaljL^ rMj^r" 1 nl l_SJl£j dlLaaJbtll 
SJlcLSJ (_fjJLaj 3JVj 4J (JjSj J*\ ui iJ l\ 5_ul 1 iuVI 4Jtl!L> 2 J*j;^^ 43jj ir^i 
<.S j a mi (joj>.» (jl t-djjG CjLaaLtJJ 3jl£,L9 ^jl ^ysj^LO-i tc 1 1 nL>JLi CjLaaJjtJJ 
aJl^t-**! i uJ 4Sj-*fuJl £JL& ^jij i(^i!la ' d Laa rt ftu-ol ^j-ajjj) 4Sj-*Io fQ_*_ol ^a_A ((i>lSj-iIoJ 

JJ_c jl -n j ' igl ' * ) jj-u-jJj (j^ ^ J ^ 2( a-A t ijIjm^j ^jj o**' j rt Lulj i (2yi ^ taa a 

jo^jjI Jj JlJ^J (jJ jJI (jl-aJiaJkl *Vj^j Qajia^a (j^ej-^iS I 4^ JLl-Jj i ^L<-a ja^JLoIa I 

(j-SLo-i L^_}2 i3j-_Ai_j ^_iLxj 4J q^ \ \ q\ 4_j_LSjJ1 o^XJt a\ Jl?-**( i hV ^j^- 4 - 1 ^ 
jj_a j j iS j JL£ Jla^>-j_l ( _ ;r J>.jj ^tjjU j'^>- (j-3 (J_ai- jJ! (j-a 3J Vlj (jLcujVI 
(jL_ujVI jJ^LoJ (JLtcjs ^^ 4jsL& Cjlj^iaj ^-^aj-i (j! LJj 1 1 i j Lj J^Lul! fft^AJI 

.4j3jLoJI Cjljimtl (^3 3JVI x_a 
dja i iiLt^z La jjt « 4-utjxlaJ I CjLtill (<i^3)) C^J r'jj-u (_ylll d U ,", .VI ^^jLjj 
La SjLi^. (JluLS I jl La jj* Lufc ^j i n.HJ-11 (JIJjjJIj • (_j S La * II jl MjaJtill JoLiiill 
4ii!l »l air r^j^ JL3J .4_La^jJI SLpJI ( _ ;r 3 ^LjlS LgJjJS (jSLajj Lj_4J>J 4j>-jt ir-i 
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j ijlgnll uasj 

La I Jut (Jix-lJ iCjIjLmJIj j_La->JI 0JL& ^yfl 3-lljJLll j-lm (j£, (Jjl I n"itl (<U ir«-#-J 

^1 jjj ta '_■ La£ .Le galistic aspect ^jJLUI t_jL>JI 4-lLc jIU'. (jj ,jSLa-i 
i3jl<^ljlll jl 4_t3jj>Ji.l I jA^I Ujt jl ,",<- I j_gi Qjj \l 5j i u a LJLi£ L&jLQcLi 4jtUI 
(_j-Lc j£l (_£ JJI ijj^ i" "J '"'* (*3-0 *^-4 j t^ill 4^j>.jJ jjjjujl! jj-il (j-aj 
(jl i .1 Wl 4-a-jicjj ^J-2j (j' (l^- 4 - 1 ^° &*-? l£' «l-iVlj 3*LiSLI! <j-U j^^ajJ' 
jaiu a^JI «U_ulj_} (j£La_i ^-*' /-SLuijaa-utJ J all * lg . ^LjlS sUaJij La (j-UJ t LjjJiaj 

Jjukju-uVI L&> ^h fjji\ 3-uLiSLJI (^Jl fj*-jJI (jjp 5-iiJ ^JSLuJIj SllUsLjjJI 

(j-jjjl «Ljj_LflJ! »l air oLjoIj oLjoz! Iju& (j-tj Jjlj^a-ua (jjLajj . (_£_aJtUI 
U^ i ii aaulij -i" jjj . jl j"ir VI ^^ i-dlSJo-VI 4_<laX. Jo. I (JJJ) LCjjLCjJJ Qaaj/jJLj 
jj_aj_II ->! t^'.it -aSLjo (_^lll 4jjjj^iII JLcljiUI ^ aiaj Lj (_g! i ^j J iiaJl ^e-JLi 
Jjjl»o ^1 u£ i .1 aj uij ^im jlsj .arrangements of basic symbols 3ji.iL.uVI 
I j '°j «_' jj*j Sjij^a 3x.j.<tJe.o£ universal grammar 4_JSLII *LejVl Tca^La 

(J£j ^j^ il . ^.-^tlj ^j ,, , ,,^/| (ja£jj /^II Jl£.1 oilJlj Js3J)j-*Ia] I J (j-ul^JLjl jj- f* 
i JijizjuJI 3j(JLl L^JfOj^j^pJI sbtjVI (jl (j's i naj uij j-Sjj . 3_ul i n'lVI CjUUI 
-4JSLII sLsjVl (^l-2LaL»JI <jJJ>LlU <j_a (jjdJijj (JJJJI j mijH L^aJLtj (jSLaj Vj 
(_j>.^aJa_j-u 1 jl_^_>JI (j_a Ujo. (_£l innate <CJJ)j^a_a (_SLj_u_aaaIjJ 1_Aj-jI1jlj (-jjIj 

( _ t jJI *LajVI pjj <j-»"2j <j-° U5^ o' (J^"****! JtS^ <j-° ^La Ijl^Jj .(jLcuj^L! 

.(_Ls->J!j CjIjLijiJI (JjIso ( _ ;r 3 ^Lta L^-a JLa-" 1 11 1 

(jia^jj it—iLiSLII I jut (_y3 ^jljjI (jl (JjL>.L<j/ (_gJJI j-Aj , d u ,~, iVI tiJLij 

(j-ut-a-i-31 nT-ll 3j--ts , ,.tl 2_>J_JI (j1_i 2 l*3j9 Lc j_i£. 4jjLj 4^^L«J . U , „jt I (OX.JJI 
J_a^>JI (jaJi-xJ Ol a K II J-jLljj CLi[ a K II (j>SLjJ L^jjjzd} (j-fl^Vl J-jLDJI 

dili (_>uSLc (jlcj .4ia^JI ojuk 5JVj> Jjuo (^1)1 SJLujjlJI 3_ujJIj-oIjLl«JIj 
inferential 5_iJV^>"i mVI oLj-La-tJI jl (^ Ll* 3 jiejll jJalll 3^-vj (_P-*jj 
jo^a (jlj i(_>-aj j I 4_La^>- (_gl pi a 111 jl 3*lj^ J)>a-a-i Lijjj) t_4j>Jj processes 
«_ujj>- (_ ;r a5 • j^i- I «( -5 -<j' (^1 (0-^3 (j£. oj_ay>. (^^ i nl'-ej X 4j^JtiII (_^j ir-iitl 
.j_L^a (j_a <13jjlj Lo La (JSj I jL *~... » (jjJI Cj Laj U a 1 1 I '1 J a jjLjJ (jLo~VI 

(_^ (_gj_aajJI jjjJLj (_>ujJ 4-cSLIj 1 Ijjj) syntax aM£LII t_4j^ljJiJ (jl j^JII ,jjsj 

'.(j^iL>.j_a (jJI d layll I ' 1 J a r« ulSj V JLpQlLi (j^e-ij d J*JJ CjLiill (<i^3 
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. LgJ LjJVj ^J-jItxj 3_uliiJI » i^ajj isyntactic tree i_itj^.^M ZjjxJm Qa£-i (_,-IjV! 
(Jl^Ja 4J I i ii a->o (jjjujll j-i£I lLLLJu j-^j-Jj o^ *-^j5 ' LUjJic J-ax. 'Lj-ij^ 

g-L-Lj-^j i^iLlI ( _ 3 _a (jL^ Li^-LLa <_ajL^JI (j ..jlj iS-lusUI LaLc j Ate 3 . nn-»JI 

/— jJ! L_L3j-La ^^paj-Cj j ^ ' ■■ dJ ^Jj 4 4_SjjJa ^Li d j * j i La ) I CjLiAJl -n J aj ^_alj»j 

• ft^-oJ! (_^a L$-ajie-L<-aJ 

3_ul jJI Ll)Ljl3| J)JJ)j jLpcV! (^ (jjJLs.1 cq\ mJVI (jj-^ e^l" 9 ^ '-'i^ ij-atj 

.(JjlsIjJj Lu^jjcaj 
g| « i in ^^1 4-L*-LiLaJI CjLil! ^j --> i a -- 1 1 j i_)Lj£L)I (j-a gj^>J! ! J_a> -i i •■^'_'J 
L^-al JlJ>**ii nl (2>S_a_l /^Ji 4_u_uL_u 2l j-uLnJO ^j^* I (J ' aAII 1 JLA j^pajjuj ^Jj ' -^Q 
CjVjL>JU oJLjJ! J • -^ a H ' ^ ' ^* _' J .CjI » I II oJLfli Jila «ja^3» *L>.jJ) (OJj-SjJ 
*Ijj>. 2 LiLL-u O-aJLy" i nl (_^II 3j-^'j 4jj VI 4-aj>.j_<U (3j_aiLU j-J^) (^jVI 

.<■ i i nL>J1 x_a tf. *^^ jl^-*" (j~^ tJL^- 5 "-* * >v9l 'J'^ 4 ^* 

CjIjLlX. J j I 3e "i I OtJji (jr^' C5^J J^'j - ^' ?-^L>-" J-i^lAJI (^ (JjLujJ 

HjLo.^/1 -i^«" (^ ^jlcI formal grammar ^jj-i^aJI ^till 4-ajij-" . .. a 3Jj^iila 
(_p3jjLJtj .(JL>JU ! J-fl> (^^ ^JJj-J (jH^' ** ' "J^J-^ ^JSLuJLl J ua-aJI I JLA ' * ■ aj Lai 
^j-La ^t i^J_LLt_Ul ljuk ^—3 0-ajL?-**u nl /^-Ii 3j-*^^ C^* ' f m jMja\Aj\ ^J ' ** II 
. i. 1 1 nL>JI (Ji-lj) L$j (Jila-i (jJJJI Sjj lqj I ^1 4-La^g-U 4jJ)L«JI Sjij LaJl Jjojo 
j^c =L3^H_l>.Ij (jj LaiX I aM£LII ^LlLso i_ul^>- ^j'^'_' (_>uJ)LcaJI J LaAll I a i ^_'j 

aI jljc_uj/V M-iLajiJI JiLiill «_iLcaJI J i^aAJl jJjLujj . 3_ijliSUI ^j^j ,^.;tl Jjijo 

J_^iiJI I ^^; Ij j^?j .(jL^Vb 5J^' U^> J 1 LajVI ^ 3_.-j -t^tl oLiill 
JljLJ jo_La i^-LtjioiaJI CjLiill 4->JL«-a 4j>.jj ( _ ;r 3 Sj_u£ djn frl I j> IjjjlJ (j-aLlII 
t_uj/L>JI (^Jl 4joii.J)l (jjJJI J*s uJI (j-a 5ia^>JI JjaJO (^ 31c. LAJI 3j,%.^tl 

^j~ ' II -i gja i.~i se i i^il J_> . Lail_L«_a (Jii-a-i internal form ^ Lj.|ji J*C A ^1 
Jjljtlll (Jl .-—A.t J2J jo-lj . jljjJI ^& (j^SjLiiil «jaljj)j olj-i-a (_j^>^Lj=lLuulj 
( _ y jJI CjLa.l"rn ,iVI ,jx. lLLIJI^j 4_i£ CJJ>jJ (jjj-!l (jlj ' "^ d^ 3 In-rll (_gjjj^aJI 
L>JI ^ La i ul aj 3*lj-aJI i>J_fl> O-a-i *I^oj-u SgtjJLlI gLut L4JJ1 J-t-isalijI ^jA_a_i 

.(jL_ajil j| 
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j ijlgnll uasj 

LaSLa .3JV! a I (jLcuj^U 4 1 1 u itL *!j-<-u refill i—ojjju j<ujl2j l_L& JjL>.I (jJ 

^L^jJJ i_i_jjj(j (<uJi2j (ji^. ^jJLS i*- 1 -^- (*Aj ^-J^j (Jj)2M J '^"^ ( _ ;r 3 CjjjljI/ 

t lj\ &j>. ^yja ' d-Lj-3e^q t l_iLcs_j L$_La ^_p /] ' eatij j-uLt_a SJlC aJlSI ^jt ^—LiS-at 

(^yi s!j)VI (j< i ht'iI Cj!j_jJ»JI (j-o p U" 1 1 jl i/ojjsjil)! (-;r i^- SjJLaJI JlLa *li jJ! 

1 j * a Ji u n'Ctj j_uL*Ji! (jjs JjLc 7-ljHat I i eaj I Lufc (j-i-iS^-a-i 4JLa . J ■***■ . .. 1 1 

J S, i"i _i dJJj) i_ij^-*j (jSLaj V La_Luj «4-aj^La AjL*.^! Qa£» ' ^ taj ( _ ;r 3 LljJo 
!j)La . sLa^^Li! jj_a 4_fl_LjitA CjLj-jJ) ( -5 i^- i_3jjlll! (j^-a-l 4JLa iLaLaJi J)JL»-a 

2 La j i ■■ j j| S-lLv^l (jLa «5I i n'tj-3 3 a ir^Lc Lajj (_L*» (j-JL<JI (Jlj-uJI I "j~^J 
.« LJLla-j! 4 a rr-iLc Lajj i 2» ji (((jjiJjLl L$J! i V» (j^Jj i«Laj^M_a QaSwW V» 

. 4_a*^La j_iS I QaSJJ 

.(_jjj>.i 4ijJaj L&Lula L>.jLiu iCjIjLulI! 4£,Iji^> 3j>LcI (^i^. 3jjl2J! -2 
J^ U ajSUi! jl Sla-bJ.1 jSbuJ! *lia^l ^1 ^bJl^V! ^ SjjuUI -3 

o^Lcl Sj^iiiJI j-i^' Jt i' o-^j-^J 'l£j^~* ^-*^ (j- ^-*^J-^' (jlr Sjjl2JI -4 

( _ ;r SljJ)lj (^Vj) J-lTLju (J-Jo£Lj 4-j_lLSLal (j ii 'C <"i i JjjjtUI ( _ ;r l^. 'Lujl.a SjJLS 

(jSLa^s jjLs Jsl *LLicl *-a i31*j>J! oLJaSLa j^ru L ^.\ jgJIj 3-ixj-uJI oLs}L*l! 

J ui a 4 ui-fll La J_Lc J-Jtj La_j^ cAj-i >— 3aa-ua . 4jj_aLIaJI d j i 1 11 dja it^il (j-a 
4iL2j>JI ^ (j-a£j JAIII I jut i_jl_u-ul ^1 4jJVI 4AJ>.j_liJ (j-JjVt oVjUJ,! 

^yu\jl\ jt_31jj) JU JLsoj igj.ga.ll I ^—5 ^j o Lgaj rt ^ajt La JS Tt-uJaaj ^J a nil ^jl (j^-4- 1 

.(j^iiJ! ^ Sj>j!^JI JLt^>L! 
Lujjiil 4_aL$JI CjLJaSUI i^Ji^-J o! -ulilja i nil ^Ir i_3jjuJ! (jlr 3jJl2JI -5 
3jmj ^j^-^- uiJl j t »^. i ii tl j-^' g—II SjLuu 2l ^2)^-4-1 ^Lj' LoIjJjI ^-.A -n J all tyl£- 
' ' 'JLJ -J - q L ^ 3J c ^3-aJe-a jl ^j^~- lu fC-*-ui (J JLuj_uj La J_t£. CjJc*_j LaS i^j-La 

Alan j-Ljjjj O^O lM*^ >:; ' a #L?JlJJ (j_bjjj)jLpi-V 7t^>-LiJ! «lj>Vl -6 



SI 



AjLJ-'in'i LiJI (_p»pAJ '.^LlII jLiIi-VI (_gj_iL>tJ^I CjLlUsLjjJI joJLc Turing 
4_jJ3jJaJl 4_La_>J,l (j I L_3jjtj ^jse-i^ t^jLsj^. 4_*IuLtIuj ?t_uLLa «L>.^Jj 4_l3j-Ls 4_Lu*_« 

Li^jLj I jal i_3jjlj x LuSLIj hjLjuLi (_£jj>.i LiLo-lj i ■ i .iL>JLi LiLo~l Jj^sjj 
oj_a a I JlJt" i .il_i Ijl^s- Lbj^-I iJLa . cjLjsj^I (j-a cJsj i_gl ( _ ;r a 4li^3^« ( _ ;r & 

«U_t-£5^_a C^jIS 1 jl La «Lbj-»_a jj-ajJl {jja 3jH£ Jjlj » Laj i ■■ * jqJj i4_iJ3j»Lajl d La -^ 1 1 

^jLoIl » j'^**' ' " *j *ijH-^ ??- a H/^' cji (J-9-^ (1A- 4 - 1 ^Ls ^jL-ujVLi a I >. 1 1 iiL>JL 

. jLpi.V! I j-& sbf (^3 (j^?l ^^ J-aLlJJ L?' 7=--=-^ («-! *LJj J>^" (jJI Z^=<^ 

jl i" ~w VI (^^ (jjjLJS.} Sj^. j n" i ii") (jl LgJ (jSLal (_;jjJI 4JLlLoJI jy-alj-dl -i la « "J 

(j i u-a-Ul i—x-LjiaJ I dJ^Lvu ^^Lso Lg-LSi3 j_Ll3 
(j o ' gajj La-u-i < ^jI 4- LL a- t J 4-djHsejq t ul^sej (-Jj^l d i u q-»J1 j-uljlU J^lalua 

T-LstJjl (_Ll£ (j ii q~»JI J-ULJtXI jj-fi (JS JjjJlJO C_t^tJtJ iJ-uLtJj £JLA (JS (jjJ_}L_aj1 

.(jjijLcaJI jLlkJLI jLlO.1 ( _ ;r s 



52 



3*\£\$ t**\^&\ 



,jiJI_5 5 ■ • J j La H CjLilll 4j>JIjl1 iitLkil OxJt-JI CjVLtxj fjjj Lu» ZLkAjVb l-MJXI (jJ*J (I) 

CjLLI Lot iS-fSl Lj-a^ij jjjJI iiill |j-4j i La ~'° JjJ^llj jn.^ill >Jij-'i , ,M LjjJI i. milaJI ill (2) 
. d i ■ i . U 11 CjLiUI ^j-o -l^LiJ I q Cjl (iK a JLa-~ i n" (-4^ 'G'c-J I •- 7T^9>^9 ' ' ' "jt Lr^/ J 4_«j>. >Hjl 

LLj I [£ I ( 4-j_3j_*_a JJ>J La J-& I J-& <j I /-J J \a Ci a I j ^" ■ -■ * I 4_a^Lc a t ^J a j ^ -v ' LL& « ,jjj » \_a jj ( 3 ) 
t — tJ '.J-^' U.9^"- 5 u'_3 tftdlSvuifl t-i.t-tA-1-u ^ajv.)) aJb tt^yjn (Jja-C L r xa.LLa (JqSj ij-^*- « i _)-u» 4J 2i J <L3 )_«_o JJ>J 

(4)Chomsky, N. (1965), Aspects of the Theory of Syntax. Cambridge, Mass., MIT Press. 

<L-ujjlJ,1 s-Lqlc <j^ performance sl.i^H_a competence *? I aXJI i>_j J-ua-aJLj ^yiL.-u-aj-tlj aIl&I (5) 

^-S_>iJ /j-J-JI JLclj_iJI *_usoj ^jJuJ! t^ucjJI i_3jUt (jgJJLsejg ^jJuJI f>aUI ■ Aa -y j ■ 'jjLj 4jajJ_iJI 

4_oJjJJ^ 4_u_uAill 4JL>JLj jjLIj^ r l U-^SH ^ jljJjJI 4j (jf tc-^-^j aMSLI! ^ ^ < a st qj 1 1 OjlaJl\ (jf 
JJl>-^ i^KllI ^jJ 4_jj_iUI 4^>JtJU ^ LLi^J Lhh^ j_ijlj ^ ^3 '-J-^i fJ£U' l£ -J-I j-^pJ' ^•JAJ 
^ylJI aISL>-^I ,j-o 7c_^ajj (jtjJI^ competence *J£JlU ^ jJ 4jjJlUI 4^_*JJ jujLjtlij t_£j-*UI CJ^e_JI i_3j_& 

. (ajvjjJU) , La SjLlC l_Laj>- y\ 4jx-u=) ^\r p K" \ I I ^j, t ,^>. 
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***** 

(j-C ((< J a » (j-o ^f^- 1 «4_>JL*_«» A <i\S AjLa-**i i ii ) 

J ua-aJI I JLA L^JjLuj (jjJI 4-jiajJ! 3j_uaJ! (j2 ) LaS 

i jl£j3 2lj ^_j_&Ll<uJ (-!"*• 1 J) (J-u_4-i (_£l * iLjJu j-uilu 

j-o2l JL«_u joJj .(_^ll!! (j-O (ji-llT-"i I ill (jl (jSL«J ( - yjJl 

dilj j -i ■ '-"-".'j i jj^ijJLi |jK Mill (i_4^.^iill jl) (_^«ill 

CjIj— a JJLC * 11 i n~w ^p-« ^j^ *'' ,-jl ■ ^>~*-V1 (Jjl"*-*n1 

Vj . ^M-5_a ( _ 3 _<-uLu-u i il Laj. (^ 4-ij-«-a CjLsJS jIj^J 
i. i » I tl (Jj-* 3 J' j ;^ ' ^ 3»VI Jj 'I 0JU& (IS i"i~ 

I jut (_j^ jL*jl_i l j Ai^i (. i j i nil IjujJj itfjjiLJuj (Jiu«j 

.J Ir^litl 

: ^j ai 4*»>oi ^§a i -a§w i 

SjIjjJ ( _ ;r 3 Cjjjjii JlS l. i i nL>JI <J U , ,,ljj ,_jjji.2 4JLI 

(2) "* . » 
i Cj^l^jJLJIj j-fljj (jjlj (j-U ^ Mi^Lc-a i^ I946aLc 

(j£L*j 4_j| C^jJI dJJ j) (_yi I <i ifrjiaj 4^>.j O-ilij 

,-.tj A .-.. II Jjv ^^ 5_aJLJ>-"i in U i£j t»tl *!jlie_u-u! 
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^UKxoUl .ISiJI 

j».jlU! ^yfl i_a^j^til (_, j i nitl jlj£LlII JjIjl*. (jlr cjjujj^.1 (j^JIj 4j^ i nil 

ijn t tl ^^ (j o i <i ~ U (_, <<<ilt ja^i (_£l (jjS-r"! L3Jl#j («J I JLA (_ji^.J • S-JVI 
CjI n IS jl <_Sj|jo. (j_° Li^SLa aj\ yC L (j^alil 4 jK i"ill «L>JL«Jil (^i^. 'j^JJ 

*L>-jJl-I 4_LalS u njaljja (JLioLl J) I +"" L#J I^JjJj (jyjJI '"'L'J* ""^ OuLSj 
CjI <i Kit ■- ±5e • -— T1 ^yjjJLl r I agjlj (L^jJIj L#ia jao-j-iU) (j-ujiltl (j-a JSLt "LlsI^ 
LoJUjC lJ ^. t 3 n I" -»J. I CjLil! a^I£L!I t_*-uj3 2 alajl JjLcjj SjJjlLU ^LkII CjI!} 

. LJq-uj gL^Jl i ii**i a (j aS_) 
«\_LaL£_tl CjI ^jj < eagJl L#j ^j-oj-al^ja ^-Jj^/I 4_*5JvjIUl ^_alj-i i.'hii^i JuLtj 
.j^Luall L-ijj-i^ij JLcljJJj JLlS^I jjjo- (jlc- lSj^^ o' 6-° ^-V J*^ J^ 
4-j3 j I -joVI ^Jl 4_u^/jjJI 3JLLJ1 ,j-a 5.JVI 4^u*.j^il J-olJjJ Jjl ^ytacf J^J 
(jjj SjJ-lLjoVI ^^ 4LjHj>J,I CjLu>-j_I!I Ji L$j 4_uj/Jj 4-«i£ JSLI (<uljJ5 SjLC 

(—Jl (j-^>- /?— °^j-^' ^^-^ J ' ■*" (Q-l Ij^-Aj ^ ""■!"" ' ^ Ly-^ M-'- l£' jujoo 

t_jj_2j LaJLtj CjI h" 1 nil J!Mo- 'Lj-I'^I c '-«^-J-'JLi aLjUaVI <1cj_luj ^ i"i^l3j 
(^J_lu_A ju) tl^- 1 ^J-AJfl . Ij-ul j-*iI1j /qJ ^ jJI Jl^j>JI ^j-* LoLc j "-i- d i n 0^. jj-* 
5L3jj_I.I <j-o SjlcLoj t_uj/U>JI jjJj (jl i^.IU*.* 4JVI SUo.j_itl (jl Bar Hillel 

(«J 4JI ji jGj (jl t-tJ^J 1 1 1— <j 1 n_t (j< ' "'I' OJ-A ^M^ *>-*-' O^ '- i '-^ C 1 -^- 1 L?~i 
j^tJjl JLC.I3J2 JLi--il ^^ o^ *J^ OJJjJI di! j (jjj ^j^aJeuSi ^gl (_£ jJ (jSi 

OtJl^ Recursive Language 3_jjlj^LlJI 5JlLII Sj£Li2 (jlj 1 machine language 

.^JjVl LsIjIju^ 

(JJJU «L^j>.jIUl 4jL^-**( ( ul ^Jt Ji^_>J1 i>jLjfc (j_a j?l f oU" t^J-II (JjjjJjI tjljj 
!(_)!-! itl (j-o *j^>- J I i4Ljj>JI ( _ ;r l«-o (J-ujiU JjLuuJ (j^s jSy (jlSj .(j-aJjl ja^JJ 

1_4-JJJ 4A^iS-ll 3' J ' " C7^l f'^-^'J^' (CiScIu {j\£ CJI <j\S II ^J^* ) ^J*-^J 0^ (J_>Jj 

«L^j>.jIUl (jljU-a (-ia Ot ill L-fl-il"! < ul JlJ3j ^j ^ *'■ * /L^aaXl (QJLjuJ r-Ji^-J (_]] 
J <^-'ai f«^3 dJLut 7r j 1 n I LaJLi^. ij^SI jl ,,-Jj' 1 ■■ j uiC SjHJ2 Jjlj 4_uLi s ^"^' 

.CjLj.Llo.VI tfj^J 
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ft. m i |j hi I CilaJJI ft.7JI.a0 _poc 

aJx I 1 j Lj tlajjj (jLtL>>j! a I970j I960 , ( _ ;r jiLc <ji_i La 3jHiI! j-j-«-i 

Lgl3^L*J (_gj-aj (_Lu-4J «Lu 4jjL»-a (*-*-£■ lS> 4la->JI j_y3 (-;r l«-a (_gl (j£. i.StjII 

jtjJjjU t;T ij^tlII ^tlll j^.t^Ja aIjljt'i.iI (^3 Jj^l oL>oVI JiL*ljj ./aJUJLi 

4J_aj>. JL>o /^>* ,; L*_)LjILa 4_luo_=»o JxJ^JS (j-u LaJ d U , ,.lj i CjIjLuljI (j_a -iJ-£. 
3-^l1> <GjjLa jJLa » j'l| I juk Jla jl VI 1 }Li-3? SLLajill 4±*jJ! (JjLLaj 
(j_a J_j|_gJ! jj_«J! u 1 j 1 11 ; combinatorial explosion t;r -«_i-a^*-lJ! jLa_iJ^L! 

Jul3 (^LlI! dLxjVI Lai . sLjJjVI 4_j_LjJ1 jjja J a" 1 n"l (jl (jSL«-l (jj^JI Cj^ijjSBjJI 

rljJ-'inV JgLxJl^ol nKII (j^a j-jLG jl KeyWords Sjui/j-U Cil aKtl aJj-"u.iI 

l_L»-j>a^J L*-aLlj_l ELIZA Ij-JI jjIjijj . l^jljl-sJ -ilj-tl J-a^-JI (j-aoLaaJjJJ 
tc-usjj 4JI VI i^-iJcjjLllI 4"h n itil ^a (^^J-II 'jr^l d 1 J a J ' "* * ~ J . oLso z! I JL^J 
•*i j ajl i ^L^t_i| „ La «J (jl ^-alj-Jl £JLA (JIU. (j£La_i 1 a_p I^^P* 
j_>JI (j-C.1 jG-JI 4jj/jJLo «_jjj (_gJJI w 1 oAiil u-t-ixLaJ I (J-o-C Ijj-II (^Lajj 
(JLLil (^^ l_a^ 1 4-ut-ulaJ I 4iilLi (jiajj-U «_a jl^>- (_j-3 (Ji-Jj (jl * j'^" 1 ' "_'J 
. *LUajj_U CjVjLjij (jy^Lc Ij-J-II VrH?^ C 1 ^ Xl' L>^i>^' < — iL ^ sc -'i lS 1 - 1 -" (^jljJl 

. (j_j^J I m i " a J ^J-J I frS-"^ "• i *-*-< a i>'i. I 

^^J lit 6-° '• Wl 

(_£jj>.Li jl 4ijj_La-> LuaJbLiiaj («^-il <^p- (j-a ".sLUajj-U 

5 -JJL»-a JLla ij& tJjtLiu jl ^J-cSL<u Jjfc : Ij-JI 

. Lut j i>i-vi (jl (-;r i-a i. ilU (_yj-ua- (jl 1 1 i 1 h-v '.i, <'(~isj\\ 

3 Lul jjj .>.-»! i_ilLtrw i-iL i -L. trw : Ij-jJl 

.Ci^oJI f\ La * rt 4_»_oS_a (--ul (J^-^-i *Ll] ' d ' ^£j 

4_i_oSLa dJut pi a 1 .it ' km I /^-i-il • Ij-jJl 
I JJLC 43jil!i ( _ ;r 3 (jj-ieJ 3^ ' Ij^J- i-La-j 1 ■■_' I J-jJ. LoSj l^_JI w_aLij_i (_L«jljj 
jl 4jjLiiujl sLaii Lai . r- J j JS Jjl '.CjLaiSLlI CjLcjjjjajs jl CjLaiSLlI Trijjl <j-a 
AJUJ-" 1 11 a Lglj—JU (^ylll SjLulII ( _ ;r a jy_aLlj-JI I j*'* iJlLje-U CjLaiSLII qJ> • La ^1 i 
dU jjj iw_aljjjjl <LtLa »_' (_g JJI JjJI (Jila-l SjU>.jJI (jja (^LiJI *j^>Jlj ijtxljjl 
. Jo_a_Lj! j| 4jjLijVI 4^iKJI jjJLc £_aL>j_JI L^jJLJ LaJ^ jjjj 4jL>-VI (j-oiJ (jLa 

-.(^JLlJI ^jjJI IjJI u>*j MiUa 
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jl 4-oli j_g| ^c j-jULJ (jl dA^f *^' */*'* *> «i IS JiJtJJ (_Ll3 4aj*_lILi Jij i r-i ii U j 
.aI d i K J-l3 jl Jjlj U, LaLjjjtl 5T_aLij_iJI jjjlj V Cjjjaj CjLsiSJI (jjj JJLc 

( _ ;r jjl 3jl_l_«jl (_j-^ ^>"J l llS W_0LJj^jl 3_lL>-| (jiX-1 ((lijjjjlj (J£, (^yijj-jO* I »j 

. «;»l» <LoJi ;y_aL)j_jJI aJLJt" i m Lgli-JU 

.(jJbll jljJ^I lj-* (j la *_' J 

. 3j_<JLi^> ulj ^j-bj i <i" (jl (j^ol CjJ)Li£.I '.4-UajjjU 

.dljjJIj <>c ljJJ^I • W! 

f_JajJ ^-ouj-jdl (j-oAj (j^-JJ *^^^ ^-^J^ **.!*.! ''^ i-J-A Ijrr- ^^i JJLuj 

.^LUI jljpJI 

. I JlC. L-ujj-3 (—Jl t. i tfrju l_3^j_u jj-oJjLiuj j-usVI aI ^jl :4_tiajj-LI 

.dijjJIj ^ (jJjj^i.1 : lj_JI 
.S>tL> 4^5^ j^ Sj_p.Vl lj_JI 4jU.I o' ^i Vj 
(j_a Sjujlc d)M : J3^tt_ij ^9-^-3 (jl I Jo* 5ja Ia-i 1 1 d**(V i ii t (—3 Ij-j-j! » ^ ' ' " 'J 
4JLj-La (JJ—ljj-uj (jl 4JS_4-J (_^L>. «L>.^jj . a^jse-LJI sUILa-i t^J-II Jsa-a-ul ^ljJ>.| 
LoSj i4_u-ul_Laj 4j>-j->- ir-i ^L«j>. JUjJ dlljuj t, .UL>J,I 4JLu^ij Jj-ill pK"U 
(^1 ...» (_yi^. I-Sj «. . . sLuTtSLa O-il ...» 4jjL>-I (^ I ) & j j laJj 4ii!l JlcIjJLJ 

.^jjLJI (Jlill (ji «. ■ ■ 4-j.uSLa 
- I U <- I j j i Till *J3jJ *■ VjL3 isLx-Uslj ijLjoVI I JLA (JlLa jj LaJ3 4j>-jI jjLjjj 
(_gl ;y_aLij_jJI (j 1 i eajj («J : LuljJ .(^yJLfilj j-lC j-al isLcSLo-U (_Ls->JI JSLI CjLjL>.I 
(J_uL (j ii j I I J-^-Ij 1 1(3 ir-i^>li>-"i i nl (jS-«j t^-^' (tu-Auoil jl (Jjj^JI (^Lti (_Lji«-i 
. 4-ul i .1 jVI SJlLII -i j*» 2jl »c (jlr jjjIj (_gl ;y_aLij_jJI ljufc 
,-iljU^.tl L&JO-2 j£ jG dJIjLa Sj_uill Jut (j-a^jji*! 4LA3 jy_aljj tiJLukj 

i_JLlaJI w_aLij_i LfcJL>.|j lA^aJl CjL>-jJ) ^j^*,' J^ J^j J"*" ' (j-'j^'' '^ U ^L^ :: ?^" 

2Uj,,.jtl Jjl inU (J^ej (_£ jjl j MIT (jjs iDaniel Bobrow x>jjj JLul jJ Student 

•.(JlLa LLaLijt Ltiajt aJu>**i i nl Ji^j . 4_jjlj_lL3 4Juj j-oj^JI ^1^, (_5 

(S2 J I * ^a, La) (3 * 2 * jjt I * ) 

(j^Slaj t. 1 1 uLlUI JLcl^^ u^- cJ-*"^ Ct^ <(t "'-^l )) /tj°lj^j iUajj-La JUiHajj 

.4_uIj JoLa-ll (_ ;r 3 ((CjLclj^ill >(_La» (j-a S-lLj-V! 
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ft. m 1 1; hi I CilaJJI ft.7JI.a0 _poc 

(_g JJIj (_gjLi (<uj/Li l-SjjjlU William Colby ( _ 3 -Jj£ j<uJj ;y-aLJj_] » Asu uug 

LaL*J Ij-J-IJ (_j-Il '^J-^' J-2-J! *^>-jl J) j La '" (JL>- (_g! (jr^J . 4j-}LjxJU (j a a-i^ax 



$9 



$fc\£\* ^\^\ 



\1 5"f V| jLu Shj 4lcJ*U (jJVjJI L7 1*X\ J-lUj aJLju ^jJi-uIaJI diLiill *L>JL*-a £-»1jJ C JJ-J-4J (I) 

:Jiu 4Luv 4*>.^j MiLa Ljjjf lite to oSu jls oUKJL tjKAJI t_.f>Lxll jj-%ja jf cJayi edlj^ 
(JjVl (jl5LU ^ J"tl y-iJa ^-aLJ^_ii] Jj-3J [1)1 tSLiUI (jrjLjj L^j-aLa Ljj-^J u^_9 i «J°hn left for Cairo » 
[31 («-c.j^ .((S^^LsJI ^jJ) (3j-a* jjlAb (^jJ) 4_1_4_>JI p—a[Sij-*A\ /ojv^pj I jSLaj t 4_u^-*JI 4l<i_>JI (_y<a 

t 4JLj_j>JI ^ylU JjJl=*<J Li' Uj-* (*" ^^ 0' ^1 t3-s*UJE-t«3 <Ujn.jJIj SLIL-JI i>j_4 ^ aLs Ju9 c-^buJI 
CjLjVjJLj I xjjj a_; II 5 t _ 7 ^ ^ - - fl - ■ L#_Jlc- cJ ^f (jhJI^ 4jJ"^! 4_<u>^pJI «_aljj ^j>>« ■ i".Uf I | Jl^Jj 

Interest rate rose 4j)_iL>oVI 4JUj*JJ «4jUI ^ jl^I^j jj^ aLClaVI Jjula» :2LJLUI eLu^ill 3ju*UU 

.(^^Hl)%lby 
(2) Weaver,W. (1995), Translation, in Locke & Booth (eds) Machine Translation of Languages, New 
York, Technology Press of MIT and Wiley. 

4_*^aj_tJI CLiVkl J£ (_>«Jj - 4-ujJu Jj^ £)! H ^" '"* 'M recurs i ve L£jl>^ ^^J J^^H ' * ' "*J J (3) 
^ mi aj uU L$_Jj jLif JLaS 4-iAJI 4jjI^£Lj La! -<_dJju 7rtj,„~ V Mia COBOL 4JJL3 t i_dlju pun 

J c Ij 5 II jj;^" j'j^J i3d>^ l>^- ^ ^^ ^ M-4->- ijJ-^-J 0' o^-* ^' L7A3 '(Chomsky 1965) 

4_L!I» (J-J_a 4_t_jj_*JI 4J1AJI (^fl aj-uVI Jju SJj^aJI » tJaJ (jl (j^Laj LiJl M-J-« <— 3jij-*JJ (j-4-3 . 4-!jIj^jJI 
4JiJu d a "~- % •'— ■ jjl t j5L«j 9 « )j-d-*JI (_g j-flJI 4Jul » (Jj-* c ^ J iJ 4-fl-LO 1 *_;'-•"•' £)1 Lua.il LUSLaj a «[_£ j-SJI 
vjC i_£j->-1 4-d_i^s ^JjLusj L^3 *"-■*' 4_LtJt_a eLLaJL J^>-J-J V_a lj£Lffca «a_l>>>J| j j fl « 1 1 ^jJiJI 4jJI» (JlLa 

: Jj-^J^ 3jujl>. 4JLu>- iflL^I ^jSLaj^ Mary has flat feet.. J^k LU t jSL<u ^j-lLjo^I ^^ . Ljj-«J 4-iSLa-a 
I think that Jhon suspects Jj-5J^ iLu>. 1 ^j'^' 1 d)i I • ^ j t ^jSLcjj Jhon suspects that Marry has flat feet 

. Q*3^pXI) 1 JS^Aj that Mary has flat feet. 
cdJj 7c-u3j.j jjjjj-aLiJI (^jJ) 3j-Ia-J i^tj (jj-i*- 0-° >^^ L^J (jl l£1 2LiajLc 4JlUI CjLsJ£ p^« a (4) 
Jl ^jSLxj play Jla i^K^ hit>» 2UKJ J^Vl j^k. ^'na jnif j^I (j<.U.H ^>_uJ, j.jjJ.1 (^.^ . *>L*j 
ojLuJI (jfl ajLstixuXI j-A (jr-»J<-a ^f J>^ u^ t- r »-'- u L>JI ^,^_g played MjlA jl play 3. JiLa La-Ljjl J^SLj 

jJLlljJL iaj_«-a^ 4JLal^ 4jjjl] ifljJL-a i J Laj ■ 4J2 5 . j « , ^> 1 1 ^ ^" ', a ^^2 | j_A (jl Cj_u JL3_j . LgllaeJ jjhJ' 

. (fia_>-jjJLI) -<JL*JLj 4^^>Ji_a^ 

(5) Petrick, S. R, (1973) Transfomational Analysis Rustin (ed) Natural language Processing, New 
York, Agorithmics Press, pp. 27-41. 

(6) Weizenbaum, J. (1966), Eliza, a Computer program for the study of natural language communication 
between man and machine. CACM 9, pp. 36-45. 

(7) Bobrow, D. G. (1986) Natrual language input for a computer problem-solving system, in Minsky, 
M. (ed) Semantic Information Processing, Cambridge, Mass., MIT Press, pp., 133-215. 

(8) Colby, K. M., weber, S., & Hilf, F. D. ( 1972) Artifical paranoia in Artificial Intelligence 3. 
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4iill JJ^J (jJj^l wjjIjjJI Jj^xill ! JLA L-iuaj 

a J-tb i " 'j i a " 3 ^ JLSj . _j_a_LJI a! JUy" i <iLi 4-LnjxIaJ I 

(j-C (JjjLXJJ 3j>J_0_i_0 (_)_«_>J! J-lLsO jjj+C- /J-oIj-lJI 

.JS£ j^>'t| «_a J_aLCiLJ 3JjLe-o (_$! ijjjij SluaAiU 

j^-JU ^>^ e^ (j-^ 1 JtH^ <l>k Jj' ^>^ ^J 
./ajj^mt Jajj^li Roger Schank liliLiu 

1970 *Lc (^Jl^.) 3-L>.ji! tfJLdi 4j!JlJ cJajjjl 

I fll-oLl 4iJ ^e-i (Jjj-4-1 4-ul£La! ^°> j_L« 2 I (jl JiiflJ (a 

CjIjLlo-Li LSjjj VI lqjI J i -«~ SjjLx-a ^i>*J S-'tPLh 

j jIjj>.jJjjJ Shrdlu ^Jj>j_Ju t;r j«LJjj j_JuJI ljufc 
l_Uaj| 3_L^j_U a j_& J_l*j3j . jji^J Lunar jLJ^Jj 

. (J_al£ t _^a-u (J_«j_>J1 0JL& ua_ij 
iZjUUI 4j>JL«1 J-aLCJI 5y-aLlj_JI -i la <J La SjLcj 
-1 lajj . I -4 J's i"i (_j_3 <LLj-jJll sL2jj_IaJL> 4-Lt-LjiaJI 

-3 HlkXI L^JlSLiL-cjL«jLLll 3.^1 ^ nil JlSLiVl 
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(ji <( (_^-L>- 1 -jJ I (Jj!uill!)) (ji<£- ^ » J M La ( -J i^ «»Lc (J^djl "-^J^ * *^J t -^ 4 rP\9 
4-OJt-uiaj I CjLiLLlI 4j>JL*_a -v i ■■^" (jL3 4«LLij>J1 ^--t-t-o 4_j_aLo /^^, jt 4j^Hjt_i 
^ij_a t 2> ^ - < h . L ^ * L0L4-1 LjjLloJ (J3^-J Luk (j^-* 9-A Loi 4_uLj»b ^_a1j-» 4jM^ /^J] 
(j inl'q I JL& (jlr Sj^Lc .JjlajJI 3-jJU-C r I j~''l (J-l3 r ll i" . ,iVI 5_JLtc Ijljj (jl 

Jlj>.^j jJa sLJl VI t3-se-j-se-LaJI 4_aj I < U f_yalxj ■ uJ (jl CjLiIj ill SJlcLs (j-a 
^■Co^Lul ^j^ 1 * > /J ' a a » j d Lcxauul Oljl < ■■^**' 1 u 2 1 JjjQj Lc j_S3 j^j I xxujj 
(j_o 2 A I ~ 4. « cjL>.j Jj j j 1 ..A'.tl -> j j A /1 Kayser jJ_jL^j coulon (jjJj£ JiLa 

• t;r L».ljJI (JjiUlUI (^yi^. ,3-«-«-!' 



(2) 




)U_Ul OUUI ^ ^LS JaJsji 1-4 j£i 
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Olmn'mll 6.1 a? 1 1 |ug9 

i La i»Llaj ** i j *J J^3 La jL^Ja^ ! Jl>. 4jl3LJ 3l.}| ^_j -"j i^aJLlI JljJoj ?y-alj-i (jl 
5-J r j-»- ua J-o^v (j-3 ^ i t U j^JLc |^>^=J (^ JJI (^ii-l jJI J /i «i "t l j_Uaj ^43 
D, McDonald jJLJjj^Laj T.Meehan oU^-* LiA j^iJ j! 0^-*fJ • ^3-*^ 
«L£jJI (^ (j^-i^L-II ,j_a Ij^ji^ t_jJLjaij «J JL^J.1 ! J-* ^ <.*•■-*- j H (j! VI 

/j I c I ' * j ■ V.S* , .. i_dJjJ iA^flJl '-^ a I Um jo_&jii£l ,<CUil _Ur3 ^ .- I ;U 1^1 VI 

I ^j I , ", r- I j I 1 j j tl I ylljtiii (jjj iJV, jGjj/Vlj (J-lLxjJI w "jl l** jJjl—CJ 

. LaLa_> £yAjLa£ia 

w_aLij_l jjt w *~ I Ila loVI «LS jJI TcjjLj (^ Ijij J ui a (Jli (_gjJI jy-aLjjjJI (jl 

lj_& ( _ ;r sLa : jj .MIT ^^a j!j^>.j_Ljj lSj-^H ^ * ''"'J lS 1 -*-^ " *' ^~ «_jJ-}j-<I/» 

(Jl S. i"il Cjlj »l j i"il SjX. JjLcJ (jr^ SjjLflJI 4jjJ ^1 (jLjul (_LsjC 5T_aLJj_JI 
JliJLsellj (j I 4_t£La_ij t5, ' L^a * rt (j-1^ 4x.^_u3^1l CjLa1j»&VJj CjLutSJj (JlLa 4-dJHsejq 
JljlJj . £l j MiVl £JLA (J^>. d**n it nl (J^. C-A-t^t_) (jlj La ^j^~» ."■ «_a <d j * j ■ U 4jlL 
((^j 5 ui-UI J 3e M I » (j_a 5 J q**( 1 11 a ^^J^aiJ Jlcl^9 «l^t_aLlj-j ^—3 _Mjj>.^_(JJ /c-Ua 

CjK 1 Mill (j^a allaj ^£, SjLi^. jj*j Halliday, ^IjljJL^I systemic grammar 
CjVL>J 4_t-£sL>. l4 j nSjUJI CjljL>.^U «LLjjt_a ^ys\^>. £j£. j-aaj (j-"' d ^ * 
<LJVjJI (jJLkII <_>^l*J a Jiir" 1 ii~j . (J54JJ.I jl ajLlaII) L^jLLij Lgllajlj JLtS^I 
I of 2U-rlt 3-cSLoJ.I CjULlJI JJLC (jiuii- (^l i_£->jj Lx-3 L5>«ill (JjIkjJI «Lui 

. i_AJl>.j 4_j_i_pjHJl j-uLjlLI I * 2 1 la aj 
:^Jjj-*Io ^lxuj-aj /. ^^^ J'^-* 1 " u^* Or^ -1 *— <a_A_S^ 
CjLlhSJII 4j^ (^,1^. Sji^>.jJ,l «Lui/^l JJl£. («^ :^aLJjjJI Ajir" 1 .1 a 

> « » \jjuaa*l I CjLutSLLI 3_<i^ ^lr » 5_Lu>J1 

. ■»■ La ' uJ 1 /y±£. 3 j-*H/ Lua - I 
.oLutSUI ^1 jjLCa ^| ^ -2 

2 -.^-aLijJI ^Oitl^a 

£ Lulu I «G^Lj i-ilLLA : aJjj-ui 

j-Uaj.^1 j^j^JI ^-UjJtjijJ-^^j^^li. -n. i l Ja :g^Uj-JI j*aJ r~ii i « 



IS 




Sd~.uy.tl I jLtj :jjjsUjjJ! a Jiir" 1 11 a 

. I j£jfcj 

(^1 p^>-jj! I q\~* 1 ■ 1 1 tajj (_yjJI tJ-ii 1 nil (_p- (j-o ^taj-*-" (lA- 4-1 ^-^ O^H3 
. La % j a t'r> L^-jj! Js^ojlj d j a 1 ,1] 3jLt£. jl fO_i_ol ^1 J_)J_>u (JiLa '^J^-i (3. 1 ' " 
(jr^C Ij-iLJS d^i Liiljuj i4-l Ja-pJ,! , U , ,,jlt (njJjjLa» 4J| ^aLJj-J! <j1-lj Lai 
.JLatiJll JL^Vl (jJJ oL9>UJ! frc ailui! (^ 4jL>VI 
4J3j^>juJ iCLSjj-La aI jL^-**t 1 11L LujJlJ dt^aJl j"^' ^—3 a^-^j j-^9J (*'-r4J 0^3 
J.^Atl jJaJl) Augmented Transition Network ATN Sjjjtl.1 JLaliVI 3*C , uij 
3j.j.U1I SJtUL tuLJLu Sjicli «j» jjL*iU «LUNAR» £-aLj_> *LlJ (^JLUI 

/<uLjj (- I Lta-flU 3_LaaJi!l 4jSLjj_a^M 4lujJ!) NASA <j_a » I i*a a jljj l^jtn-v 
•.(_W^.!j_a iLi^Lj ( -5 -l^. /J-aLij-AI 4j*.jj Cr^' ^^' ' Ly^" 

jl 1 ■■^" 1 "^ I ( _ ;T 1>.! jJI JjiuuJI (j-uj CjIjl»jIJ! ji Sj^a- i"iH (jJVj J-lLso -t_) 
wj ^ '.'J 'JIJ-uJ-! (jii-ljJ! JAalll ^yfl (jni<i~U <_llal! 4-iL^L.uV! -?■ 
3 < IIL JjJ! jljLclj Jlj ui 11 f^JS 2 ;j 1 La 1 1 CjLaaJmi <2>c titstxll ^yic I juk 

. j^tlll JlcljJS ^1 isLua^L 4-aiS 3500 jj_a t_!j-Sj La ^.aLijjJI J a uUj 
j )1 L^aJI 4^^L»J l^jjL^t_a Lo^fl ( _p3j-«_i (j I ^aJuLll ^J-l L^T JI ^_aLJj-i » _ ^"' ' ■■ 'J 
3Jjj^3jH CjIjLlkJI (Jia Sjj 1 U 1 1 CjLoSjjJ! dJJj£j Lj-JI ^>-J-J (^-^' *Lui/2Li 

.3 uuSj-ll Sia^JI Ji-b 
cljLiJL!! J-a!jJ jj^" ^ylc IjLs- rft^lac J^H^ LUNAR w_aLj_J (jL^ jlj 

(jjJIj ATN SjjjJ.1 JLUJV! 3 < j & t 3-aj-a-",,,!,! JCuuZl <■ 'ji'i.i 2j.j ; U1I 



flfl 



frlmn'mll bJLaaJI jogs 

(J^ii. ^j'j tla.ll CjLiil! 4j>JLkji ( _ ;r 3 Lcjji'i (JJ-^J' J-ol (j-o SjL>.!j i."r*> j Lai 

. d j (<->LII j uuJI CjI j f i nil 
: LgJjLuJ (jl (jS\x-l (j^ill ^l*ii <i ^1 (j-a dlilal ( _ ;r Lj L<i-l3j 
^J 4jLfl3j-o j^t_t-£5 (—3 a^-uoJL^I j-j£jj i la i ■■j**' rt a_A La - 

JJ^ ' "J^ JLu_uSi jj-u^Li. /j^£- t^^Hjo /^-II CjLLjjlII _}JX. jcS - 

diiLJu jj>-jij i_alj_<i/l c^»o C.Riesbeck, C.Rieger, and N.Goldman a La jjaj 
5j.j ; Utt 3JLUI (j^s cuIjLlc J^*j ,JJJI MARGIE "* ^^j-jLa *-aLij_i *l_Lu 

. JjLJ Li_l9 4_lLjJlI1 0JL& ' d-Lg3ttJ (*3-<2-! L_3aa-oJ ' (jf J S d 1 1 JajljIUl jj-* (J^ LO (-JI 

4_L>.I jj! (J_«^>J! 4-^.ljir^ Jljjlj (jl Lai ;y_aLij_il! ( _ ;r 3 (j i "j\>^ *j^?^ (j^"*£j 
( _ ;r 3 Lai (JjlaIIlj 4Jj^J (_£ JJI ^!j XaJ I («JIjlII j^c CjL>-LLlLij/Li aj-2j (jl J I i4-<JI 
■ 4 iS i ii" (_^lll (jjiLill »-3!j.} ( _ ;r 3 jl i/«JL«JI liilj ( _ ;r 3 Sjiajvjjs < *-4-*-° *^^-"' 
•2 C I J'^ 3-sLc.Ll ( _ ;T J>.jLa aLl3 (jlf JLU (^yjj L«-l3j 
. (_£j La (j^>. Jj-O". • «lL>- I JJ I fiLL*j>J I 

• U-2-^~ (jL ^gjLa (j^v Jia -I '•£>*■ 

.(j niim (jl jJajjjij j«J L#J2 OuLaj i_£jLo (jo^>- (j-o- -2 
» Iaj ' ■■" f«Jj t(j qAJijj (jt » laj ' ■■" ^J L^_i2 L^J*-* CluLo -3 

?•!"'" i ciVLl ( _ ;T J>.jLa aLlS (_j-1^. JLla IjLAj 

.(jjj-jj_ol «Lo* (_$jL« (j^>- («li£,i :«lL>.IjjI «lLjj>JI 

. aIjj La ( _ ;r l£. L$JL> iSj^ J * ~"~ (*J "^ 
.(j^o*IJ(jI (^jLaOjIjI -3 

«Ls"JJI (_^ (jiJL»-LlJI (ji_j j-j-j-S" 7"L->^ I j 1 (jLS" (_£j^>.l 3_jjJaJ tilLlaj 
SJSLAJ. >LaLi >La. (^jjS^iJI J^LLaiJI Oij^y ^ oi^ ^LusLi- 1Cjr cl;U^VI 

L>.j_Zu Lut -ijj-ij • v'^'j- c ''^'' CjzL>JI j^=-i) SjjJa-i (_j-Aj i ( _ ;r L«-L! y-lj^jr" i .il 
(j_uJjLAiJ Ly LuaVl JLlil (jJI j-^-jj (jl (tuL^il CjjLSJI (jJ^J L^J lj^>->a 

j_a (_Lk_oJ! j-jljju L^JI 4_ulj^.VI cjVL>JI ^*-i t^s 4_uj/Lj/^(I 5jS\AJ I (jl 
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^UKxoUl .ISiJI 

.2_u|j^.V| I j*« J£ 2JL>. Jjijo jl ^yjutxj :4j 3-LajjjJ.I 
j<u-uVI 2JL>. j jt^~ (jl (jSLxj innectional languages 2j-^jj . v.tl cjLill! (^j 

^j_a 4_*_3a_a j_c >-Ia-tJl i_iij»_t-aj L#J ^—^Hjj «Lt-aL>. ^LiL^J /)S mi /^l^. 7-^-ua^j 

J^Lj Chlopiec je gruszke :4jJlJJjjJI 5JiiII ^ jl>o ! JSL&j iSIajJI ^ (JjlAJI 
. Gruszke je chlopiec : LUajl i_il£j jl jSLajj . { _£jlx&l\ jJaJI 
,J^I AU«-pf »2jl jMl^.j jU* J»Att (J^La jjfc (chlopiec) « jJjJWjI 3Sjii-^a 
(^ La? .«-e» Jj trill SjL^li jjk* 4j JjtrUI ^yjft (gruszke) «i_i;jJLa£L!!» jlj 
<4jjSi t_jj^lj i3_u!j^V' U^L>. i. mi-fcj »l a-mVl i «j i aJ >La MjJ-lLso^I 4iill 
.he/ him, we/US JfLa jJlLa-iiil! CjVLs. jJt si a mYl <_3j_i^all 
^J j * d 1 1 (JlLa 4_La_>J1 CjuoSJ. (J, LxlSoJl ^t_u1 ' ^ * ' •***" (jl J^ Q 'J^ T^-^^dL? 
(j-a (3*cl i_aj|_IaaJ <Ll5cJa.m j_&ljia L&jLiacLl VI Ji^LflJ V 7tJI . .(j£.Li!lj 4j 
JjijJI I 3'j/*' (_^<JL^ CjLta^-^La (jlr *j ta "' 2 J a. J j ^"j * j .5_uljX.VI CjVLoJI 

-.4JLUI ii£ltt| 
John broke the window with the hammer . 2aj UtU S JlsLIII q^>- j u£ - 1 
. The hammer broke the window . 3 JLsLJI 2ajUl I cjj i <& -2 
.The window broke .SJlsLJI Cjj m'C'il -3 
ij_«_aj| (jl (0-C.j ii_i_Llie_a 2_j^_lL->,jVI (_L«->JI j-a 4laj>- Ji ( _ ;r 3 ^LcLoJLa 
(jnrii l54S^ o' ii^M-jJI jjm 11 z I Cjl_j^j_ll j-a (JSJ (jSLaj 4JI ( _ ;r i«-a-s JoJj 
i4_fl_Llie_a Jtrilt <U-mlJu Lg-La Ji d "_J o' (*Aj « jj^- Li! I » /., jjSjUJI JJJ-II 
djlr «Jsj jjaj (2ajUll) ^jt, S|j,V|j i(jaj>.) j-4 Jtrill (_LcLa jLa ,j ..'CtlLij 
(j^ I_ljJj>. tLLa-LtaXa L$JI *_a Cj^liJ! j_L«j>JI ( _ ;r a 4ojLi w ajj (3JL3LJI) (_Lt-rlII 

.(j-Uj-O-^f! (j-Cila->JI 

CjVL>JI J^c-i) 3>^ <j-° ^J-iLiiJ (_gj£Lfill Ja-ilj^JI djjjij lj_uS t_!jH2jj 
4_ulj^.VI 2J|_>JI Jajjj 4JI ^^ I 1 j <jj ^ i 'ij^j-ll 3j-^' J ' a "*" '12 '(iu!jAVI 
((primitives of verbs» JLti^U 2_jjj^| 2_jJVjJI CjLJjSULi ^ amVI (_^j_all 

.4_JLlII 5j-2AI I ( _ ;r 3 L^J LrLjjLJ a J a * 1 ■■ (_yjJlj 



Conceptual Dependency ^jUl I JuIjnJI <UjJ 

(9) 

^J a "kJI ^J-iiLa-j jj-a j S a j u cU_u_oaS d jj la ul aj^b tiJ-lLjIo J^JIJ J^ 3 
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frlmn'mll bJLaaJI jogs 

^-lll «UaLL>J,1 ^j-ALiJJ i j\j CjLs^LtJI (JKjj /- 5 La * rt I d ' a J d La i ul aj 4_La_u_u_J1 

: ( _ 3 JLj L*^ 4-u^ujJ! jLCa^l ^j^j-»l" jjSLa-ij .(_L«->J! ejjt ( _ ;r a (Ji-jG 

4-ij-pj_U! I i j~ j '_' iJluLS I jl ( _ ; ^o~j (_j-i-«-LI (j-»"i-i I i j^ (j^ '-*! (jiikl JlJI (JjfLilII 

. LaLa_i d a u it rt 
J-j-La-lJI ( _ ;r i 4_1_«_>J! ( _ 3 -3 d ' i . >■ * 1 1 CiLajUU Ji j J Laj (jl V^ "M 
«fl j LaJI I jut CjLjJjji^i Cj^O ^jJI Cm i<Q» 4Jaj>JL3 . Tt-jj-i-a J's i"i_i . ^jij.1 jJl 
(j_o J-Jjl La /j ' C Jjj^i^JI ( _ ;r 3 i." 'I uib JL9 cr"' O^Lh^' U"'! f-a^caJI jjjjj 
aJJb (((—Lt-ao jj-a Lj^>« /rL"Lu ( u2l 1 JLA tJ9^-i (j' <— t^e-jj i C^r*-Jj^' ' jf**" '^ ' 

.4Lu»JI 
tljLijiUI o>£j dJJjjj '.^Ulj^l 4-JVjJ! 43LJjSU-> JjlS J^ ^£l j-ulj -?■ 
«*J J_u» Llc3j] (j-tju ^jl jj^-aj^ «3jjtI1 ^—Jl (Ji*Ju» ^lILa «* )j-*Iuj» /JjlAIj 4_jj 2f Jul 

(jl e_ocjj i3jJVjJ! cjLJjSLU JSLi schema ^ *U;t I ■ ^.^.jtl , U ,"jjj . «J£i_j»j 

m^LssjiJ « (^Cj C A 1 1 Lkajlj-iJl)) ^ <a i ,m /—flLaJLa ' cLLgaaJ «LLo_>u1 ^--Lt-a JlLa-ij 

. £l tj ( II^Ll 4ljLuLd ("T^J J J ' ^ ' I - I 

.(JLtS^/l CjLcj-«j*-a jl (JLlS^U jl i na J-Aj (jU-ilt jl u)-a-«-JI "^ 
gLijl i nd (jj^u dU juj L$JJL*J ji j j i a ) I ' d_LsaJ ^--Aj j j < a ) I CjujL«_a -3 

.CjLxi^al! 
4jjl ma ojSij diljoj JLtaVl ' a i aj w ^j iJLtsVl jl JLicVl oLJjLvo -4 

'.(jL La ^^3 l!jL3>L«J! j! djLLajlj_J! Lai .1 a^klt 
H_gjj|jjj3 I o^ia ^IS (jl (jrj^ '<JtH>^ J I (jg-aj(jiia ,jrU J jLiHa .jLa_i£.t (l) 

.(JjiAIIj 5ji j La] I jjrt-i LJLc Ijut CjJLajy 

J «-Aj| (^U ^t) ^ J J ' a J I ^jjLt-aj ^JJtAJI (^_l Jl>.1j t uL>. jj-a ^La_i£,1 (* )) 

. (/Qj>.j-til ;4-Aj all a /c-*-uVI (^j ^t) ^JJ ' aJl ^jjLt-aj ^JJ ' tl^- 5 J' l^- 1 J J * ^ ' J 

. (jaJj-j-UI '.^LiJay! Jila) jjfGjjj^s jjrtJ Jo-tj t-^La. jjjs jLaj^.! (_>.) 
(_£j_L& )t_ l» «LLaj>J ^_g jS> aj] i_Laj1j-UJ iLpe-Luaajjl i Laj La >i J I (j^J \j&Jt>^ 

".(^VLS «SjUJL>JI 4jjLuj/ 
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^UKxoUl .ISiJI 



► < ► 




4-j-jlj_c2! Cj zl_>J! J-zc-i J-cIj-^J (_gj£LiII lLijIjjJI Jjix-1 (jl- 1 J-c-l<ClIIj 
0Jl^J ^^ se f II ^J- L i L tiJ l jl ^^pajjtjj .(((JIj-lA Q^>- ' (_Lga^ T)) «LLij>> (JjLlL) Ll£._} 

.3-4 jSLi ^ 4i*jJI 
j_ajJLi 4i^. lj-^«-a causative 3_hj uJI cjLs^L«J (_gj£LiII . U Jj-.tl ^psjjuj 

Lscuslj <j-ujJ ^LilS (_gj| JlS (j_y>- (jl J^><-> «l_£jLa U5^ ' . ' ' ^"" ' " 'LLu*. o^ III 
! J-$J 4j*_ujj i DO (J-«-a-j t_i 4_Lc j_j_«-ij i(j«j>.jji! .jjt La <_2jjlj V (j^tls) 

(_j_S 4l«->J I (JjJ-4-1 4-4 J'C l"l TC-UsjJJ . ' . ■ '*--"* 3J L>. ^^ (_£j_Cji 7T J I r-» I (Jj«-i! I 

.(—UsLU jj-oj-H /yj\ «a» j-ajjj tilt-o* 4_ulj-C2l Cj2(L>J1 ^t_i 

La 3±<u>J (_yi»XI (JjiUj 5j1*c (jLa i La J< iki 5JT mi, I J — y ^ZJ i! j£L^j 

lijli&j i L&i 2 La pj ' I <LujVI 4ia£jj JLt3>U 2LJjVl Jjj^VI JajljJ <>a OJ^JJ 
: I j '" I .'--»_' ji jj 4jJj 2 I (Jjj^j VI (jja 14-12 (jja t_!j-Sj La 

(JiLa) SjLjJ^C *LuI/V l_£j>^ Jdi-^ 3' ('-^4 J-" 1 ) (J nAili jl i ((_, U < j Ji-a) 
. (x-iLciajj .JjJLi Jj^so (j o i <i"_) (jl (j^Laj (j^J'j dlj-uJI 
ij^s. 2 (jlSLa (j_a 4-i-uj i n-»J,l sLlJu^I Jjjjo (j^-pj '• ^-"C9 ' " ** a d^Ll_jj>iJ 
"» Lea ))) ji j-j>. 2 ^jLSLa ^j_a ^ uiAj (jLt_uJ 2 1 (J 1 alu I ^J) 5% J i"i a «c_ufcj_)» JlLa 

• rui q i ii *^_a »<- ( u lyj 1 3 \ i i ii a 
CjLa^ I « a jj-a 3j_jJlj>. cHjLaftll a ^l_Lu 4_uJL*jl 4- j Lo- t JI ^—1! ) J i"mj :*Li_) 

.7-j-t-^aj i^—uu tpK**i i JILa Cjl^oa^s^l jl J_t-£5i (—Jl ) j i"mj :iiuJL^J1 
j-tla ^—Jl cLiL^-**u ii^iJ (jjj1^_>J1 g I ' ga C I JL>.i a! JL^-**i < ul ^—Jl % j i"mj :4_uutJt 



fl8 



Olmn'mll bJLaaJI p^9 



5Url 



Jj«ll 



^ya 




Jy- 



i*~ai\ 



0*J" 



^U 



"^ya Oj*- u-Jii-i" UJr olj*)|l o^tJ-l j£ J^c 3-4 j£i 



r 



J-» 



Oj^f 



< 



>-- 



c;^ 



"<^jJ» Oj*- .....ftpi" UJr tj£jb\ JoiljsU J^i 4- 4 j£i 
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(jl lj_A (—uljj t « I C JLd-tia tl)*^* (J^'n 4jLsj>J ^l_u_4-i 5-4 /JS mi L_LlLuljj 
Ltji. I (jLi i i-4^ig J i.aa. (_ylll tiJJj (_j-Aj '3-C jJuSa 43 JL«_o ^1 (Ji. j| Jl3 Q^^- 

Jj^sjl!! (^ Ajir'i.il (_gJJ!j-i_gj£Lii!! JjlaiLI Riesbeck liljjjj ?y-aljj_] jl 
JlJ^j ! j_aj j_j_lS Jlj>. j^I »_J3j3Ji! (^L^il! JjijilILi jjGj-J-lLiIJ! ! jla ^1 

<L)VjJI ^ 4jJjJaj J>L>- (jj 3-gjl Ufa JL»cL (jj^LJjj |>ii jij .w-aLJj_J! 

.prefemtial semantics S^L.^A-.tl 



0^ Y <- 

t 

A 






£_Jjii> ^- 



d> 



' J*-»i ^^ Jj=r 



(1-^) u^? 



(h' 



Oj* 



"\s-jjLe Jyr JSl" -War J~* 5-4 JSLi 
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u \ c i_aj_«l!l 3K mi « tj u*il\ I jukj^-a JjLilJ 

J^_jJ soj ^ j « j ■ LaJI CjI iJJI J «^>. CjLJ^SLa 

aj—it cry-; i(3-j_JVjlJIj 4jo-^JJI) oLJs^LjlJ! 
I jut 4x. I j i <a j 4l<u>JI ( _ ;r L«-o i— oj^jj dll j£j iCjLJjSH! 

3 J-Lk|jj| 4_>JL*il I j j 1 taxi j^lll fljj-LaJb ' *.^.jtl 

.(..I uL>JL 

4jJL«II OJK Ijl La JjJbo OJ^V ^J^ i«(_yi«-aJJ» 
t^JILa «L_i_L*_a *w-ALa-a (-l^. l_3jjL1]I _}j^?e«a ^J^jCu 2f 
^1 Laj iCjJL>JI (jLC^J i4j Jj » A 1 1 j jJjiAIIj (J^LoJ! 
^JLc: s^-i J-£ J_lJ3 J o "i ui j <jL£ I jj jl idJJj 

.CjL>.l"i'f**n nl 
«QjjJiaj m5 JbJ-aj dJuLiuJ d 1 1 n itu ^__L«_L1 jt'^" *j 

LlA jJjLlIjj t^j -^j L^aJul rC-#3 jjx. 3-Aj (j_aLi]1 /] • gaAll 
(j-SLa-i /JS. mi ^—ll 4_jjt_j_LLij1 4JlU1 (J-aj>. 4_aj>.jjj Jaji3 

uL>J! (ji-IJ (_P-«f (jl 



5$ 






^likxoUl .ISiJI 



Recursive Transition Networks (RTNS) 

qJzjli *_o finite state automata SjjJljJ.! cjVL>J! 4j£"Laa"jV IjjaJa" jj£L"AI 

iJ jS CjLijjjilI! jj^jLii 4jjIj£Jl!I aLat-xolo-Jl JL>.2 3-aj^Ulj 4jj jjj-iiaj I Joj|j_<iJI 

j— l-l-iTJI ( -5 i^. L^jjjls ( _ ;r 3 4jjLjiji jj£illl (JLSHjVI ciK j i"i j j" »" j . jLQcV! 
. context free grammar J^.V"N (j- J>*-^ »ar <lt 
( _ ;t jJ! nodes J tbtll (j-a icjAJ^a (j-a 3jjJL>J,l CjVL>JI 4-uLaajjl QaS^uj 
^1 3JL>. (j-a (JLSHjVI <Lu i** Ja^)_Zu (j 1 -^ O^'J^ , J i *"■""' states, CjVL>. (Jix-i 

Jiu3 ji£l jl 2JL>. LdLlAj (*I^L>0 SjIjJI i_P-4j ^lJjJ 3JL>. ciJLL^a .(ij^l 
Lai (j^l^Vl tj^inj jj£iL! JLSliVI oKjni (^Jl 3jin;tLij .(*L$lil) 3jL>JI 

(jjjj^JI I^I'kh ^pJI (Jl SlijVI 5JL>. (ji (^yln-aJ categories, CjVoJLa ji CjLiKj 
(j^a jl i(jj,j_2JI (_j-Lc (jH-II 4-aJSLLJ 4jLlLWa 4ii.J-U 4-aJSLJ! Qa£j LajJ^. /ajJ 
l_3oj-o (j^ojLaajj^l ^jl (JaJLlJ .Cj2taJLa_l ^mna ^jjjajijl (jl£ 1!il cuoJLU j-^' 
*!jCLlL£ (jJj^' 3-aiSLII Jii-L (jl »l k" ■ ■■! I il oLaJSDI ,j-a (jlajLA LtjLu JjJL 

.(*L>^I) 2LSL^t a^KJ! ^Jl J^yj 
the pretty Little » Sjl j r J • Sj (jl I -5 J'C m, ( _ ;r i QajLaajjVI • j ^" • "jj 

.((little pony» J • 5j ^1 »jU*. ,„j V 4_iSLIj «the pony» J>»-a jl <upony 



article 

o~ ^o 

START 1-5 j£i FINISH 

nested 3 1-^ljGll J-*jJ! JIjjI^I Lajb o^Ujj . oLaLUs^l ,j-a MjjLaiJ 
4-jj mi* (^ I jut 1. 1 j 1 1 *ij La S^Lc (jSL!j iterative 4_jj!j_£" cjLj^jILi clauses 



5fl 



M»i;hll ulaU jj/UI JxlaaJI 13 jh jja»J 

4-1 a_Lc j . gaj 5j a ^jLj <d lajtxtaJI 0JLA c_JL>o ^2^-4-iJ .jji»ill ^ Jj*Jj Jail 4_j_Lu1 
^-HJlj (l^-U^ c_tSj-a» (_3 a jl (l^. o ( nl uoj-oi) ^j-u A (jli-a 4_t^j-Li j-^ CJZ^JLI. 

JSL^i tcUsjjj jj£Lj1! (JL2jjV! oK j i". ^ j I S3 >ljj 3j£Li!l ( _ ;r a ojlaj . L^ii-I j 

:«il<u>»J jjSILo (J 1 2jj 1 d\ i mi 2-5 
The Clever little daughter of the owner of the sweet-shop has won a 
scholarship to Oxford 
4jlaL*j 4-uj/IjJ iLa_Lo I."' 1 1 nS ^^jjjl (J^co dllLL 3j_&LU *jj» lo1\ 4_L>V!» 

• «->J>' L -A9 l 

r - i(4_oj^>) (j^a i((Jjl3) i_2 iQ<u-u!) qjj (j-o LlA 4-jJ3jJaJ! CjVjJLU Q^SJuj 

(_,_Lc. ( _ 3 _«-j-uV! t_tSjJ.I J I <i " i" il JLjIo.! oyH3 •Lr^J J> ' < -rA>" \T (*) '((_>" '"I 
^—5 pL>.j2l 4_ul£La! ^J^ <a mi 4_u3_At LUajt 7r j^*- (<•> ^j uSjljI ^jtj t/J^jj>- t^Sj^a 



START 




DET 





PREP 




j£Al JliiVI iSLs Js- Jli- 2-5 j£i 
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(jl 4 'j^ ' ■■ 1 LU ?r o i uJ 21 L^JiSJ a i(J_a_>Jl (J_lL?e_U 1jL>. 4_lLi£. 4_SjjJa tfJLAj 
(_^a_«_i 4_i^sL>.j i4-j-«-j-jJaJI Cil i I II ( _ ;r 3 j_&^alaJ! *-j-«j>. jLuX.VI ( _ ;r 3 Jo-LJ 
i " ' La i a I j 1 1 (ji ^j>.jA" . .. ^ r-!jJ)jL> LgJjLij (j£-«-i 4JI (0-C.j iA-lsIj i nil j_&^aliJI 
JlJ-C JUJe_Lj (_g jJI jl i nil J-CJJtJ (J-Artill <Lu i** (jr^J • ^^ I a .ft (j-n i i n LiS 
- "' " J " tj' -^ JLa^ . L#jJJ (Jjj^sjJI sb (<u i_gj-!l (Jjj-Lajl ( -5 i^ S ) <Ljl]| i-iljJ 
i^ninVI <— £>ll (_y3 (<uj/VI *_o ,3 "~J O^ 1^1 L* ^J-^ SJ-*^JI tjh JjtAII (jJI 
A J a 1 (jl (jJiLoj i) *■*'' (jl lLLJ jj i4_iljl £i alf (j_a l>jn (Ji i"i" 4jLulo tfjufcj 
4jt_j_ili t2^£- slIa ti. 1 1 nLul (—utll jLlo*1 t_ka^jj JL9j . Sjujlc «Ualljfc_a (jLtx-i 
. 3 J-Ual<i£ J)L«j>. bJ ic jl (jl^-o. jl (jL^ijl£ ( _ 3 j>. (JjK (_,-l^. J Jj (j^ '-*! («-"-"* I 
(j-o jj^>JU ^tlll JlcljJS <LLa i ul aj JJLuJI ( _ ;r 3 (J^J^' (J^ fl 1V1 (jSLaJJ (j-aj 

'.^LUt _j*Jtfl <>L 3Lj^aJI 

_}j-(2_o /yi*-fl »— t£j-a/ -ij-^-* /j-g-*-"' '—"J- = *. S^j-ia-dJLjj^ 

•*>i<^! 

j_&l^liJI (j^. J-^*-*-" U^-*d9 JT^^J-^ ^' ' J7 - " Qi^ JLcljJiJI aJJt (jl VI 
Augmented 3jj-«-U JL2IJVI CjISLlJu 2 t^'.i ->!. iy.,„h Jjjjf 2 gjj U , 4_^alj,ntl 
^^Jj Li£ ^ ijualui (_g JJIj j j>jj 4jjl*_u-uI (^ jJI Transition Networks (ATNs) 



Augmented Transition Networks (ATNs) 
:cjIj_lo ii^lij jj^ill I (JL2jjVI cjK i i"i j^c Sjjjtil (JLZbVI cjISLjI/ j_l«jj 

(_^laj-dj 7r o i n" L$S i^jjjl^^^/Li Jsa-uj-i (jl jLiIo* z I (j_a p^j ^V ?r <a i u3 - I 
4_j_»_l^j-j jt cLjJIi J 4_Ca_<3J?e_a jt 4_Ljjt_a 4Ja2_o (j_a d oK II (j^J (jLj Js3^)-ilu 
Sjlajk.^ll 3 1 _S^f I cLc^_4J?e_a (j-uju (j_a jCJ-uVI (j^-J (jl ' ' I '^**'" J^ tiU j-lj . 3jjL»_a 

" UJ " J ' "'" J' «3JL3LJ» ^LiLa (ji^ajj (jl (jSL«j I jut ^j^-3 » 4axuiI I ^^ LojLu/ 

. <( /oJL=%_i )> (JjtAJ (j£. Lai 

Lcj-5 jl i n U jL^t-jl La 1 j)l ^_aLJj-jjl «L) ^3-S-l La J)JL^_) (jl Lu 7r o i n" -2 
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. Juu La_i3 Lg-al Jl?-**( i ii 2t La *Laj Lt a (ji)—^ cJ-*-° • '-^H t - a 

(2j\j cjLs^LkJ! (jjj^tl! set of registers ci^La- mil (j^a 3x.jjaj*-a I "j^*" -3 

.,_La^ plk;t SjljjuJI 2_jcj^]| oLCuiJI 

ULj-Ia a_se_lj| J_£,l oJs I d ' ta j I 4_u_uLl9 i-il^lU^rt 3-^55 ^1iJl^-**k nl Ju9j 
pjj (j_° (J-"J-^ i(_jLxtl (J-u 1 11 (jr^. 11 £]l * j* iSjjjti! (JLSjjVI CjK j i"i 2 A L .^t 
3 »iK aIjljt'i.iI (jJ^V l£>>-' o-'i 3-1 L>- <j-° J^ SxJVIj ?t a unt jump J£ «3j_aJ3» 

3 inj'ijJI J-«-^JI jl j~irVl ^ JLs-LlI 3_Li2_a 3JLu_uj I Lajf liJLLAj .JL>oV! 

(J_4^>. j_«_i 3 I a ->JI 3_j| ju ^1 f^>.jl\ ^\ r-LbtJ Laju^. 3Jj i^ijJ.1 JjijJIj 

3Q3 x_a j^^LlII jj-* (Jj-' J (J-"- ' ^-^'j L^ 4 --^ J-la-JI )) 4JLaj>> (JJ-a 5j-lo d w^ ' J-^- 1 

: 3_jJLl!l 311m^l -i j *j jjl 3 -5 J*C ni j^ SjjjJLl 

SJ^L j_^i L^I ^1 3 Mi^mll ^ La -I- 1 

S«LLl(L_u (Joist (_& La -< )- I 

SjJ^Ja j-j£| Cj! J (jj ' aJl (j-A La -|- 2 

S^j A , ,.tl ^J^lst ^__A La -* 1-2 

:;y_aLlj_il! i^jLoJI -i J fljj (_^o- SjjjJLso^l 4JtULl Lut (O-AJi-LK-lJ 

1 (a) Which is the ship of greatest length? 

1 (b) Which is the longest ship? 

2 (a) Which are the ships of greatest lenght? 
2 (b) Which are the longest ships? 

ADJG 



which/what ^7— ^ to bc^ / >~l s NG __ / ^^-^, AD J G _ 



; , — <▼ 

► (P/4) 




jump 
ADJG = adjectival group 
NG = noun group 
comp = comparison (grcatcr/lcsscr length) 

"Wliich is tlie longest ship? " UJr jj&ll JUSVI olSLi JJ4 3-5 j£i 
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<(<__ 2) .(I 2) dUj^j ^-Ul! L> ai: L^J (u l)j (I I) ,___> t^oL^J! jl 

*_a_»JI J I N j fl q 1 J _}JLt_1 (J-t_wu Ja-ixgaJ (jG_^ oj3_>J, 1 (j-u Jjj-ill 7r j i^qj (j£La-ij 

2_L__.jJ! _dJ_ *!__*___/! (jSUjj (ship/ships)jl (is/are) 2JL>.! _U! 3^iKJI (_LJ-»_i jju 

"the Ship are" u^JxJ^ i___C ! jl 3jo___1I sLUi-Vl i__L___CV 

Analysis of queries «i_t WIA_miI 21 JmJ-M 

d T^ , u | aj jjou 2f I J 1 ■ 23 (r-l> (J-a— *— '' (j^- 1 *-*-^ d-aJ— *-**< i nil *_a1j-Lj1 j-La-> 
4_-a_>JI «l_ b J^e-i el U . ulaj SjJjjs C_jLS I jl JL>JI j_fc La£> ___l^j_ icj^i^a 

2 1 j 5 1 1 4-l3 jl imU -JJL__j (_,-JLu 'UU4.. 2U , u |jj j | Phrase Structure grammar 
J j I -»o) faJJI I J-& (j-a J_<L_i!l j-a!jjj .3__U_U! JuKJI L4JI (J-4J-U ^pJ! 

3_}Lc. ' la -"j" 4_i_L«_a ^jjkLLo /J^- J^J-* cJ^ ^ °- ' ' l£ O a x ^" * V ^"' ' ' 

(JjtriUj (J^.Li!l JiLa 4-ulj__'_M CjVL>JLi 3_.Lc (<i-u_-I__U aJJb ,'"j"'J - (_)j«-AJLj 
Jlj_3e-«_ ;y-a_lj_JI I j*'* l_-^-.u (_^<Jlj (jjajJI (Jii-o 4la_»JI 4jLl__u jl tcJI . . Slj^lj 
(j_o 4_Cj_a_>_U 0J_A 1 La ■ ~j "' V (J-ilrcTjl lj_* JiLa (_j-3j .(_L__1I (_jl£. i_Sj___M 

(J-LQ-aJI j-laJl) Prim actives-3_<JV_dl CjlJaSULi <j£Jj 4 •■■• ; '' JtiitLi CjVI_>JI 
^VjJI (jaSLU «» Lu» (jaS-i |_gj SLaJ I J_uilj_lll 2 jj Laj ,_, ^' a I j-* (jl<~J : QljIjJI 

. ?cjl . .((Jjjj-ll) i«* )J-— lj» i«(J£Lj» i«*_U_U>> J 

(___i »l mVlj 1(J 1 trill Q5SU.I <___> S-ujjtl oLaJSLlI j_£l JI__aVl ~y~~j 
_.j_j_3j Cjl_«_3a_ jJjj (jl (jS_a-i (jr^-ll *l u 1 n-M L$J Jqjjjjj id jn 1 .iVI CjI_Oj_U 
d LlLaII I J**'j 1 ul ' "^ J SoJLJL) *_a1j-Lj1 i>J_A (JILa j-ujlij J . Jjlj L<i_i£ I j**'j 1 



Ij-^lj .Jjialll 3-jiaX. ^ Mjj^L^f d^^jtf |j ^^uj ^^iSJI <_tJJjJ (j^ diljj 
j^c j_i_l»jJI L$j (jSL<u (jjJ-II 4_cSL*il (Jj-^aJI )<_uiJa-> j xJuil 4j>.L>. dJLut (j njl' 1 ^ 
j^J-Ls ^-^J ^— ) '— t ^>- t ^ L^' J J .' ^ ' 7^" a i n" 2( ^jj>-1 4_jj>.u jj-aj i3jL>.1^Jl «lla_>J1 
dJLiJ-jj gGjL^r". ml ^jdl dJJj j_A j_alj-JI dJLLj J.'^afj .a^IS-H L_yJj3 
3-j^Ja-LJ ajJoLUI 3_j_LJI 3_uLula.ll 3J_UI Jjs^>- (j-a J n'ml ^jdlj Riesbeck 
: ( _ ;r Lj La i_j^_L->JU aJJt JlLa Tca^La (0_tij .(j—jIjJI J i—a-Ul) 1 |_gj SL-1 1 _l_jlj_iJI 

t __, ___fc_t. 1 Jl^o (jl JjL>o (j^lj i4_a_5-il ljr xj&j2 «Lu (j-l li-au- V L4JI - I 

.4la_»JI d J a J S, " lS 1 -^' 3^J ' "^ Cr^ J -- "'-^ 
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M»i;hll CilaU jj/UI JxlaaJI 13 jh jja»J 

.M-ojSjIlJ! ClLajUU (j-o lj^>- I laj i o-l IjJLS A Jtir" i n" -2 
<j-U !j_uS j_LX-l Vj .."«!. *y.»t Ij (JVjGjj/V! 4_lLsj>J 4jL!L 4_La-&l w '^*" -3 
J_iJa 4_JVjJI 3-jJLjJI J>L*i-jI 5_lL*c IjLuj .SbaJtlJ! jjlLj <*J>*1JI i-jLa^Lil 
(jl (J_a_L>JU ,j_o (jl Sj-Sj dJLjjj ( _ ;r c.jLjj . Ifllo^U 4la->JI 3*ljJ3 <j-a sL^J-iVI 
.4iil! -a^a ^fl I j « jj ' (j^JI cL2jj_LaJ! ( _ ;r & ijJUfc U5^ 
«4jj_JL>>j^(! 4JLUI j ulAj9» 4 a i nlj lLL>J_jj <lt i^j (_£J-J! (JL-xJU Lui I a-LaJa 

:,_^al^i- Cj^Ij 4Jj English Lanugage Interpreter (ELI) 
^jjlSJI J.^.A1I jJiJ!) Production rules rLlJ! JLcl^Ja <j-a (jjia-aLall (ja£-y "' 

(_a (c£L^tIu /jy^-I ' J J ' '" (-r"' fti ft Loll lLuIjj (ji^ % i *" '-^5^ r* JL^fclL-uJ -( ) 

. JX-ljuUI 0JL& a! JLJtjjj/l 
■ ^Ul' lLuIjj Lfc_Us^_a ^LaLlu LjJLlaJLq I a • a J AjLa-**< i u t -r p 

«tal r >->Vl_i L^J (_yll!j w ^ ,IUtt ^ o 1 1, j ?-Lu^M jlcIj^ ,j-a <_>^L>. f^oJ (-LH-Laj 

jLQi. z I 5_J5J (J5-a 4-LaLl3l CjVLtcjs (JLjl3 ^Ij JjJ-^II <j-a SjLjjlU Cm a-uala] I ^1 
3JL>. ( _ ;r a JLoJj sLjaLual CjljLpi-l JLjJLso (jylc 3j_o~2l JX.Luu3j iCiLa-.j'Sllj 

. A * i * 1 i . 1 L-\ i d i ■ 1 i 

(j-aj ^—J 2( j-^^_j_Lj c_t_jS^3 ^LL) (_a f A '- c ' ^"^ •-* jl i"i^i JLia S ic_&L_ujtj 
Ij_l1^ (jl (^a Jia_u (_yi!lj «LlJ! I jla JLaSJL-uV 3-ialtall i_jLaal«_U Jjjoo 

' J * (J-" 3 19->- 0J-A (jj S J La 3j)Lcj i JUlj I j**' ^ 3 jJL^tlu <J ^_y£>\^*l\ (j_a 

cljj_ijj (jl iSj\S (j>»- JLa» (j-* J j It" II Oa] iLajJI O-JL^ lil >iiui 

(Jn mi (r-a) (((j^_d_j)) (J * d II ij 1 c ^.aLj-jJI t_ajjLIj (jl jjj^t_a_ia t«i a vx^a-Lu-o 

(Ji* J-aU 4_j_L) (^^ I J-A (ji^ ^lUuj (jx^_aLaJl (_JI (J^>. JjL ^_auj-iI1 A^-^-i iCtJ^ 
jc^j ^j^-»- uJl (J^L>.I 4-XJ o^ /qHj LlAj .4 -5 (JN mi (_a LaS t. i i uLLlI (--aje-t-tl 

.LiL)!i JUlj (J j I ^"111 aJLoj 4-lxjjI (jj-al-i (Jl a\"i i nl «LLLaX. j Iaj *"j «(jaj>.» * ) I 

4_j_*_U3^JJ I j **' o ^ a i."i i i n"iSl *X£ 4_j_Lul (jl Lu^Sj I JLA (jil ji»i (jl Lu SL aja 

. partially instantiated Lujj>. 
(jl c-^jcj M-UJ2 i4_LLaj>JI ijjub ( _ ;r a L^3Lclj_a t_^»j Jaoa dJLut (jj^ij jlbj 
(jaS^J (jl (jSLaj ( I <Laal«_a) I Information <jSLlj « ^Lta ^^-^ u<» person 2 (jaSLj 
. («cjj_ijij i 3j us <j i ■■" 3JL>JI ojut (^.a) i4ial£ Sj£La 
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1 *Jj ^^a^ijJl 



^UKxoUl .ISiJI 



2j ~Jj ^j2^zJL\\ 




jr-*i <u*flj jp iajAjw jOs%Ji> frUaPj jP jcytf 4jj^" V^ 4 — 5 Jiv£> 



, - . I , I U 1 1 ( ^ ja 3_cjjiJ*-a Ijut ^c j^i-yj .Incorporate «^_ajl» ^ <i . uj (_yC-j-3 
I j Lajj ui j^Ijjj ^pJ! cjLiLaJ! dJJj JLo-b (_g jj! consider "(^ jJaJl » (j g i <i\ 



The problem of pronominal reference jrilfrttl *il* 

Jacques Pitrat Ij^Lu iiJL>J JliLa ,j_o 4Jjij(_a (^-Aj 4jJLlII J-op-J! ^\ 

:4JV jJaLcl! jJ^J! (_>ujJ-U J-^j5 
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M»i;hll CilaU jj/UI J.il-»"ll is jh jjasj 

.3jL*j>J! (^yiL (jLs -2 

(_p (--1J * ljLJLII j-La-tiaJl Jlaju (j_a (j~^ t ^ <Jt ^- >0 (-r^ ^LiJ)* '*** J^->*J 2f (jj?e_lj 

(j-o-Uaj 2 2 j a ' 3-j-2JaJLa jJVj" i ul 3ji£.La 3_c.ljir~i <jSL«-i V 4J| (0-C.J i3JL>. 

V <LJl La-£ njjjjJil ^1 jjjij tiJJj jl 7^>-jV! JLj^V! jl jj-u 4Jl a£j 

I jLala dll j£ dilj jL£ I jl jSLJj iSjLau>JI «L2JI jj> (jjijJlU £-Uj La Jl^-JJ 
jja aJajoXI idjlmll *-a LuilaXa di! j jj£-J Jjfcj SjJaLjJ! ^1 jJaJI J-<-uj? lil 
La Lj-La J a" i ii i (_ylll 3_3jj_U ^j-tb La j_& Lufc jj-JJ (_g JLjI JIJj^JIj SjjjjjJ-U 
Lul jJt SjLj-VIj S3 Ij J i "II (j-a cLvjjJI iJlA^J 4 K i"il,l 0JL& JlLa (_Lts-> LiLljaj 
5) IaAIl * I ^ i ' -"'^ * i _HJl-l_LiJ3j-*_a _}1^4_a j_a d * i n" a d ''^^J c 4^4_a^e-a aJL^-"1 i a ] 
CjLa^Lnil Li^ljjlj LJ^>. /aJL*JLi Llml ni-J J}L>. j^aj 3 ajl"itl commonsense 

• 4-l3 4-u^/lj i ntlj 4-j£.Lai>. V! 
dilj iljLa» 3JLJS J£l miU oj-ifc Jla Jjo jl (jSLaJ j^lll Sj^-jll 5y_a!j_J!j 
^Liilaj 5J VI w La « j (jl LJL>. Sj^j-jll 3_ti2i!l JJa ^ Ijls. ■ ■« LaJI j-a 4J| 

.3-ulSl~tlj 3j^kAII 3ijj(II ,jji ? ljj>.Vl tfjufc JSL! 

Ij-^. SjJLj*_a i_al J_&V (~. a a La JLS }L*-3 3-auj.LiJI ;y-a!j_J! alXJt Jlaj 
j J 1 I ea II JLjLc JUs-Lj (jl (Jj-^ 2 -" OJ-A (_JJL>-lj . i3jLii! A Uj , ..% LajJa A JLa-"l I uJJ 
(_£j^>.| 4_2jjJo tiJLukj JJi LaU ,_jjLcaJI ^ a i nVI t_<Sj-LI jl j<s-<-uVI 4JI (ji^. 

Jbj-jj j-La-tiaJI (j^ fc-*-uVI Jju 1 a IS (J-3j La-Sj ) J a <>.lt ^jLl^ *-*-u1 (J^-I /j La *" 

.4jjj 3_lIVj 32>Lc i^JJ^-J L*K 



The Problem of Conjunctions & elliptic constructions 
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$ <<U,M\ SLuLU 5-*_^Lc ^a La 

■ alajJI 2 l< ui a *_a J^aUllI J if, JLJI ^ j La 3ej (^xll ^-Jj^l 3j£LiII jj 

j-<iL^a SjJLUI 3JLijJI ojL£ lil La jl»o jl JjLstJ -< »U^ j__».j I n K sul ^ 

(j 1 r j . Ij-ti-l 4_aJLii-" mXI 4j__pe_tJI 3ji£.Li!l *_a JJaVI (_-,lr Lujj>. 2 j ui a" a 

:JjLuJI JUL! (_y^a I jl* 
«_4JLuJI (jl»j 

: C-t-jSjIUl x_a Lujj>. A j iii a" a 
(CJ-ul 3l.il (C-(-ul Lr*-^ 

«(jLa£J1 ^ n a J^ C-cJlJ» 
. (Jjui] 1 ^a_A \jJt ^j^^ * > La J 
j-uLlaj VI l_A-il »j*i i nl (jSLa-i Vj i ljL>- 3j_uS Ja->JI *aojJ Lu& Cj V Lalo-Vlj 
^'■"J 1 C dJLljt jj£j (jl (jS_a-U (j-aj 'f> jl i ntl (jj<JLr»JI (ji^. jLaUcVLl jl sLlIVj 

i(J-La (_j_uLj_ul 
«(jjj-)J_L1j (j-U a 1 1 nl, 1 jl iSt Sjjjpt^t-a CjIjI j i nil i ^ a I a ^ » 
i—aaljll aIjLJ>-"ii ill (jjijjJ-LI * y~~' ' "_' (j^ '-*! 7e-^l*jl <j-a (j-^J-I 4jT ^m~v 

S.U^'a jajtjLj^ lJ \c I j j i -» 5 a liili (jl a? 

(_yjJI Cjl aKIl (jiutjj I ^ I* j, t I ^|jLJ-"l I ilVI (j£, 4joLj J-j£l 4-IJ< Ir^l liJLcjtj 

(__,-3 L^a I Jiisloj/ 1 j 4-o.LJ (j_a llJ J*J ilaJI CjLiill ( _ ;r 3 ^ j a La * 1 1 Cj^LaL«JJ 4 i mm 
■jl , ,,A" , ,,VI | j_a ^J| j Ui'l'a .(_Jjj>.| 4_o~LJ (j-a Cj Laj U U 4j>JL«-a 

S LlJjijLs t_iji>.j J I n i"i (_^ LaLulj (_yj.II d j'^"> uill cjLjj/L>JI jjlc jo 

^—aLij—i L_^_Li_S_i (jl (jA_a_i (t^II d j JJ ' * 4juJlj (JIJ i nil IjLA (j^, uj-j^. liil 

jJl»j mSJJIj jl ... A", ,„VI £y* j^p-Vl «j^>JI (jLa idjLJLuJI Sjx.La A^Ltl^l 
:4jJLUI SjtJjVl JlSLiVl (j-a JSLi (jL <U^. j^utlll (J^Uj gijtl 2;U;« 

LuJ j j IS * )^a_L>. j (J 1 a mi = ^ 3 La * a - I 
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M»i;hll CilaU V3 iii\ J.il-»"ll is jh jjasj 



LLjJjijL£ * )a_L>. jii Jioi'i — sLoLa. 



LLujijli » )^_l>. jii LLujijlS Jioi'i — «LoLa. 



LLjJjijLS * )^_l>.j LLjjjijIS ^ j i <i mi — ^ flla 



j| . I ,'^al ~ ^j 1 . V.j (4) joJSj (j2 i(3) joJSj jjk •» xse -^tl JljO-jJ! (JS i'iIIj 

j'"^ ' (_£ LLjjjijIS * j^_o*J LLjjjjIS (J I <i mi /■ <i < n" (jl (j£-4-> d 5 la ' a JL>.j>j 2f 

i—iJbisj «jl»ji «j» JfLa .J j ^ U ' 1 1 Cj^LoLjlU (jl LL& 4_uj/Lu/^I 4_LaJLLllj . cJSjJ! 

^"^J Ui]LL&J . (J^JJ LaJI j K * I t ^3 cLi^. dj.j ,Utl CjLii!l (^ LutLuLA 



(9) 
Terry Winogra jiIj^j-jm-jj lSj-P v"*^ (jt^ ^J*J.'^^ CjLiill (JjJjso JSI uJ, 

Wendy Leh. nert- Cjj_LuJ (_gjijjj 



4*31* 

3-j-jt-i-jiaJI Llil i 111 (JLjJjo ^ J^o («J ^yll! JSI uJll (j-o JLjJjlI! tilLLA 
(J-<3J>> JLjjjmj ? <i i n" (-J-11 wJJ ' 4^e_ul J^,1aj3 f-^J 4jaj <^-> (—11 4J3LLa 21_l3 

SjtliLa ti!l_L* (jl£ I jl L^jta w S la i 1 1 Jljmll dJLl^a 3j»jjU LiiLiJJ 4j-jti^ 

(jl L<ii . 3-Jjj»_L!I J-^C (_)-«-><J! (j-a j-u£L!l (d^j3 ,* J ' "' Lu2 nil! j «ljj (j-« 

A a-lS-ll L^i -i j aj (jl (jSLx-i (_^<-II *Jr!-^' ^ / *''*i" s * j *tP- 1 d J*j; CjLiill ( -5 -Lc 

J - ' " '(Jl < T'M (j_a j— ljSLII 4JLUI w La »_' (_gj-!l (j in 111 j (_pajMJ-iLtlj SjLs-ljJI 

. Lu_u_uj uJlxj /qJLujLs Lj_l3j-«_« (J_lL4_i JjlJ"* 3 JljJ^j>o (_Jj»j*_i 



6$ 



$fc\£\* ^\^\ 



JSU JlJJjv (jrAJ-ul t_«£j-« ^Lx^| O^ 1 - 1 ^^ ^-^^'i ^yj-*-^ ^*A1I U- 4 J^cr^ 4^Lx^^l J-uCu (l) 

the cousin of the 4-j3_lJL>Ji V I 4*131 ^^2 Jj-iJI ? j.^~ - "'' M^-a^ 3j^,j_»_a ^>_i£ -»- j < ^~ ^LULj iaLJaj 
LuSLxjs the cousin of the cousin of me king 03^^ iflLuaVI aX$l ^ *> ml i^j-a iflLua] ^jSLaja king 
1 IjlSLaj . ..The cousin of the cousin of the cousin of the king <jj^LlJ J-jJ-^- ,_, q mi! t_<-£j-« iaL^sj 
(JaJLa I jjjL>- Lq i "I ' fl-ulaj J ^aJL^JI f-jLj (Jj-5j £)l LloLa-i^ t4_jj>_*J! 4JuJl ,_3 »,_tiajl ^j ■■* ■ OJceja 
.(^jvvjJLI) IjtSLftg ..^jJL^JI f-iL) 4Jj! 7"9J Ja-a-19 lj-JJL>- Lq-ml i fl-uJaj «] ^jJL^J! f-iL) 4_LjI 
»(*»»p£l) ,%-ULulaJI CjLiill ^ 4jjIj£UI 5 *^.UT1 ^JU^JI o jut 7=-^=>J (2) 
Jj^tjj -a J^ (jl ^1 A->B f-jj {_ya Jicl^a p '^-j context free grammar (jLmJI ^ j^-=-i-U J- 3 *-^' (3) 

aj_! aJ seJj i "' JL3a . JLcljJiJ! ,j_o 9- 9_J1_II I J_& (J-J_a (S-J-i I— " /y^c uoqj-ilu gl -ia^S •J-^.S-J *J B <_J) 
Syntactic 4_jLl£ ^ 4-Jj£j*jJI d "^; taj aji LajU£. 1957 aLc ^^ j-»-*J1 jj-a 9 J-Jl tJUb ^ySL^i-aj-JiJ 

J-iii-<u ^ I fc-a vj a ^-j vl a j-j-c j_5e_Lll I X-it (jl cJajJI (_dJj ^ (jySL.-u-aj-tlj j-ll^I jia_a. . structure 
dJLLii jl j^JJL jjjL^a. . transfonational component ^jJ-j^e-lJ I (j^JLI ajls I J-^Ja. 4jj-iUI 43jjlJ,I 

(jl a 4-ja_<Jjl <t2 jju.1 (_]_u-a-) /J-C- J-^l^ JjLmJl t j_a j j_»jJ,I j^eJJl jl >jj-*J 4jjJL>- 4jJLjJaj Cju>IaJ 

Generalized (1985) c-jll^^ a~*j EaJj Gazdarj laJl) ^LmJI ^j-aSjj-^ILa^L-u^l ^ ZLu^ulaJI oLiUI 

Phrase Structure Grammar 
(4) Woods, W. (1970)Transition network programs for natural language analysis, CACM 13 10, pp. 
591-606. 

fj nSJl ^Lj m i a 5 1, 1 ,jl 9 4JLa->JI (^^-3 ,_fl 4jjjh^s JL>»j V cdJIl /*- a 9 4la->JI >ji>-9 IjG_J,I (J/u <— jjijg 

. »La-i-u 2 I ,j_a oj-j^. 1 _j-o-u a Jj aJl a-A LLa 

(6) Riesbeck, C.K. (1975). Conceptual analysis in Conceptual information processing, Schank (ed.. 
New York, North Holland. 

(7) Riesbeck, C.K. ( 1 978), An expectation-driven production system for natural language understanding, 
in pattern- directed inference systems, Waterman and Hayes-Roth (eds.), New York, Academic Press. 

(8) Pitrat, J. (1978), La programmation informatique du language, La Recherche No. 93. 

(9) Winograd, T. (1982), Language as a Cognitive Process, Reading, Mass., Addison Wesley. 

(10) Lehnert, W. and Ringle, M. (1982), (eds), Strategies for natural language Processing, Hillsdate, 
N.J.. Lawrence Erlbaum. 
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*\$k vjaai >y&\ **& 6 






2 ojajf £j-u Jj^5^U Friandly Sjjj ^-°'j-J JJJ^~ >* 

i_2 Jl^j i I j ij a i Vi , ,, i jjj jjl a Cj Laj U 1 1 4_>JL*_a 

(j-o jjjS t_jJL>ijl J-ai (Jl ■ VAI 1 4-LnjxlaJI LtljLu/j 
j , .V, *~ .J .^^iSLI! (jjjlitjj f-^ 3 o'^-i- Cr'l cK^-LJI 
ia>ISJI (a^a 2 K ui a ^lc J-i^iiJI I JLA (^3 Luj>JL«-a 

^^jJLjtoj (&J4II i^jLil! (ji^j i<- '« u3z\ 4JS i"iU (j-Aj 

(I) (I982) J^j (^lJlill Ji^ <>. .g^>ll f >KJI 

3_«_L!! (443 <j-a 3-jjtr^i ji^I a^LSLII (<i^a jl .Witten 

: ( _ ;r Lj La I j 1 ai i_iLuj/I SjuJ dlljj 3_ijjSU! 

JLS <( ;t j x 1 <i I) (jyi^- 2 aj K ; 1 1 SJLu/jJ! (_fji>iJ -I 

.^yisjj (_£| J-*^ V 

.fMSLIt JJ^J *Lul Sj^jL! 3JV.J LgJ (j^J 

' afajuj 1 1 Uj . , >■ ^ (JjSLj La |j jL) a^LSLII (jjiaj "M 

^ j m_a_Lj| 4_j_JI_^>. i_< ■ ■■ •>■■ ij_j- V '"■ aj (j a 
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0j\ 1_}j»dj_a Jj * ' Cr^ '-*] "■ * '** J^-'^J' / " >j . ^ 1 1 Jjlaj i OJUXJ (jl (jSLaj "^ 

. (_£>*■ 1 ^-> ' *JJ J- 

(_£? ii_j1_^c jl i«l«_LSL!I i »,*.',',* ^$ i - , q i ,-> cjIjH^ dJLut (jj^j (jl (j^-4-ij 

.4jJLjII.I CjLjJSLII <j1_] ' ^aj" 
ijila i ! JL>.!j LaLaJ «L*^J! ^^ LaLx-i ^ a b -- 1 1 O I n K 1 1 (JjSLj (jl (j£-«-i -J 

. pair peeper ', right write, rite 
j-i-^Luul (j_a *i_u_uj ^Jt aM^-I' cJrr-* F^Lh Cr^- Lr^*^' tj' (j-^ 4^t_u_ulj 
(-1^, ?r y <i'A\ \^Jt ^^**it-j < uj . (J_t-a 21 (—5 <L9aIa tl I «l_La_>J1 {j£l \ i *") d j"j ' 

.^jJLjJ! oJsjJ! ^ ,_^jj-al\ (j im-wI ( _ ;r l£. '/30 (j-c I #" j in'i J2j V «LLii.l 

Cji qlNll (j- /? J ' " » t _ j )^a^iir**( i nl (jS_a_l iCjIa-t-iS 2l (j_a yr t i u ill I J-$J Ujuj 

(jSLx-i Lutj .(jlj ' «■ T 1 I jut ( _ ;r a cjIjj^js! tj\i sUSLa-tl cjLiialjjJI f-j-aj>- t_iLcajtj 

I j 5 la * fl J "' rt Ijl i 'I a J_se-J (jl (_3 (J jl"»-*m s-abjj d o j rt » i a se u (jl 

(—11 (JjL_ut (j_a 4_lL^jlI1 0JL& (jl i.'i i") JL9J . 4_i£La_U Cj Lag U tl x_j_aj>. LaJLa-" i nfl 

^j^/l jl>JI ,j£. l_Ajji)t") 4j>-jJ Jjjj C;r jJI cjUJJ 5_j^Ij j-lc. bottom up ^c I 
Ci La j I < a Lajui/jj top down JAjj/ 2 o"^ ' (J-° S ^?<J1-*- s ^^- aJL J J-*^ o' S-^^iJ 

.(jlr I ^j" i .1 a ( _ ;r L. (Jj^i-I CjLa^LtAJ pragmatic 3_uLaL2-aj tl±±£j2j "M^- 5 
0JU&J 3 'j a 1 1 1 ol a-lSJl j-u^-i dK i"ia LJL>- 4-aJLJ>-"i mil 3j^>-^(l 5tJL»jj 

g| j i nilLi (_yi>- (j^Jj ij n" i nil a^ISLI! j-u^-i 4 K i~i a (jjs j-jiSL) (_L^-<-ul <i K i"iU 

(Jj^sjj LvLso L^-i3 LaJLflj 5T_aljjJ! J^l (ji 90 (jr^'j ^ 'j ^ * ' I <— >LoJSLII j_ujill 

V oUIl (> J>^>J. VI oj^ ^ I Juk o^ 'Lea ^^ LiJ* '/99 , 5^1 

Cjljji ijJLLitj .ujXo JL>.!j p K" a LjJjLa i-J (jl L-J LajJJ «L«ii 120 (j^. JUj^ 
. 4_j_i_pljj c ^J- :>0 L^' L>° (J*-^ < ~ J ' q ' ' ^-JLij (-1^. (—SjjLlil CjI^ 1 1 n (j_a (J-aJLJ 



i_oJSj2j Rarr jl ,t I S'aj el \l 'a , 2 j"j , ^tl aj! .'i.VI a ^. i .tl 2U^\ i-.'il< l"\ 



Levels of recognition MjAnJI yb^iat 

;^tl SjLiVI ^yk «jlJI sUVu-.X |j| 
:3_JLlII S^jjtil pl^JI j^Ijj (jlr ijjjs U aLj i j'a jj^^~ 
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■ CjI gKtl ^ SjijI^JI CjIjj^3^/I j-j-«jv ,_j^)I^>. (JA«j .Phonetic 2j"j.^tl -\ 
Cjljir^^fl (jJaJ <_a^to-l jaSL>J (^l jlcIjjUI phonological: 2Li»._j]jjjn]! -i_i 

.fell 

oLi^j tai\ JLxIu i-ij^ jjl>u (^yll! jLcljil! .morphemic ^/ a j i-aJI -->• 

.fell 

j j i 11 (_j_a i_sMlo.VI ' kx^aj ^pJI jlc!j2J! (jjkj prosodic: 5_jj_jj_LalII -j 

.J^ijJIj CjIjLjlII (Jj_9^3 (<iSLr>o ( _ ? jj| ji£.l^2JI (_yAj syntactic: ^jjj^jjJI -_& 
.a I ■» i "i inV J_«_>J!j CjI g K II aIjlJ-" ...I JlcIjJlJI semantic :4_JVjJI -j 
«LLiHjt_a j-lC (2>^J W^"* -1 ^-^ 1~*~ "^ O^r^ ^-^ ijr^ d ""J"" ' ^ J-* 1 -^'^ ^jljLitll 

«_al mil (jSL«j (_^lllj aM^-II (aSLso ^,111 jLcljill pragmatics: 4jjLsj>.Ij_i -j 

_}j»j?e_a {jja (-r^l ra K**< 1 1 4jL_ojJ *j^ ' " "" O^- 1 L)'j ft ' < ***' '• ' Lj'^- 1 ^"'" '**' ' "I jj-« 

a^ISLII (O^a (^a (_£>jSLJ! 2jj».^tl I ui nj .Sj^iill SJL^jJJ w ^»U ,„tl jj...A~,tl 

JU>.t 3«_J>.J-JJ iA^LSJI 4_J_L<JJtJ ' -~*- I ' gaJ I (j\jljLj\ aJLCj 1 1^ -^- 1 1 ^jjj, > * ^ ^ ^j-* 

LUiJIoUKIl jLoi.1 Jia.oljj^l^UjlSLaijttKlHI a-i-^j" »Lul -lU^Vl 

jl 4jjjc_l>. i'IjI i n" Jfla L^J (_,-l«-o V sLu^c CjIjj^jI jl Ju^jIj nil! jj Sjjy-Us 
a j S 1 (jl x—al i n II /- 1 c j . «Lj^_i_LJ1 4jL_ojJ1 ^j-a ) i --^" cLuj-C ^1 j ml \l JLt-^sl 

(^1 . . 3_|tj Ml U JjLjJ/jJI (jjl ijjj J j"» IpK'U L^J ALS (_ylll "LlUjiJI (J llSJjU 

JlX.Ij^ J^->J ^ <L J2( ija£i->JI (ji -lU-i^I ^^ s LLii.| cjSLjjjj tpK'U Ll^j 
^ ■ a. I i -»~ (jjiLJI (j1_i (Jl .^"yl jj| 3_aL«JI ■"'! tk^-^l 1 1 (j-oj -1 ^AJI jaSLso 4ii3J 

. ?r j (^talUlj jlj£jUl ' 1 1 Lalij 3j-lo d I ( i nl 
dis-) j 3JVjlII (jJISm j jaKllI 3_t>.^J^SLu J / ^1 Pay j_aj3 I -6 J£L^ ^ 
CjIjLQcV L(lexical) j n_4j^lj^JI ^1 (Sysyntx) j ^^J 1 "^ J^-'j^ (j-IJ (course 
ph (Phonetic) j iSj^j^Iaj CjljLl£.V pr (prosodic considerations) j iiit.-t.ta 
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Uj 1 3 La-ijJU p Luaj-i^ai! Ej tp K" U jJlC JjUMI jl j-*-t . A j " " 'I yj'^l 



.Q^j^-uii 




(6) 
Newell GJ^J 0-°) **-"j -^^ ilL-upl ^ ^pjj ^^ill CjLaj-uKJ.1 m a*j ( I -6) JS <"i 



Some speech-recognition programs 

(_,-3 plajJ! Sjlj^j (ARPA) 2 a j SlXI iiLtj^l fj^J^o 3JI£j oJjjs jJU 
(1976 -1971)013^^^^^ SjIj^LjI L^LJjj iuSj^aVl SjL*iLI oLjV^JI 

w_aLij_l /^LlJl J-A !■"'->■ jtl i_3JUt O^J J ' "*"' ^ j^M^Jl (jr^ <— 2j-«jJI (^-3 <■" 1 X 1 1 1 
(_gj_«J (jjjj-oLJS *-^lj (j-o *l— LlI! 4jtj-»- tn (_Lj->J! (J-lL>o (-5 i^. J-iLJ9 u 1 1 nLaU 
V I w I c J SjjJLa_a CjVLk_o (jSs (J_«->J! j 1 a se Sj *L«JS i_aJl ^1 ^j>. -i 1 aJ 
Sj^c pj^ iSi U !j-A (2>c /jJ-i JlSj . 4jLtL *j ■"■■'- ;y_aLJj_il! I Laj. d 1 1 11 1 (^JLkjj 
dJJj^j Bolt (Newman) BBN iBeranek and 3_£j_<iJ Speechlis L$io j-alj-J 
iji^UJ (9) HAARPY ^Hearsay^ ^ ,, ,'t Sj^cj t^j-AJ! „^;l HWIM 
System Development «_o jjj Lull L SRI international CJj^is \^S 1 05^-° cr'Hr'J ^ 
j<uj/Li L*-oLJj_i a t_i (_gl 4^j-<i ^>j>k J SRI SDC\ /txLJjj Corporation 
.Bell Labs ^ 3JgL«-4 JU^I dJLia oJl£ U£ Dragon 
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Centre de Rechareche en Informatique de (CRIN) in MYRTILLE-I and 
II Laboratoire et de ^ ESOPE w_oLJj_ij i Nancy d' Informatique 

^Mechanique pour les Sciences de Centre National d'Etude (CNET) 
(I6)l 
(17) 



Lannion des jy_oLij_ij IjljmjLa 3_«_aL*-> Fengenieur 5y-aLij_>j KEAL 
J^jJjjljcj ENSER /y-aLijjj Telecommunications 



Hearsay « Jd>§ g*«t» J( Lj*A £$ jm* 

^j-a ^ a! JLa-**u nl (J I lLIj j (— uljj tcLuaj^ j^lC 4-ajjJaj /y-auj^JI 1 J_A (J-aJU 

(jJI 5 mj,^ tl) a'yi^] cijj^i j^lll JuaL^I cijLayLLAil SjjljlIU j.sl u*X\ 
jlsj «Sjjj i ntl» r-jjjij Hearsay-II ajLir" i ujg j \l .^.t I (yau ,jx. Jjjlaj *iij 

. I jS\jij (_JjJL>J! 4x-iJlC •» j i aj (_yjJI ?yjLli!l 
5jl u)2l p J uiJLj 1 UfcLJjl t JLu ^ fllqje rt dug" i til LftjLu (J- i L r e T JI -Lrtlba 

<l j"j i.qJ| CjIjl>.jJI ojla -i la '" (<u segments, 4_i3a-i^3 CjIjo~j ^1 ^ j"j i a 1 1 
.ol o K ^1 «JaL2AI a jut -i ta " j<u Possible syllables, 3_lSL«-U «JaL2ll ^1 
jl_Qi.l (<u jJsj .(jIcVl ^"miU ^ 3_l1VjJ!j Sujj^Ij^JI dLxaLdl *jJz-~ . h"j 

(J-jJLo-lJ ! Jlj>. 4_al_c (Jj-* 3 " 1 1 ' ~" ' " ' J f n i nj 4JI 2?J .. Jj (_J "T 'j la uJI » laa 
2 I *~ ■■■ 1 1 j 'I LaJLl <j-a jjlkJ Hearsay ^_aLij_jJ aLkJI i_x-<J?_pJI tt a . .nj 

(^^ ;y_aLJj_jJI ! J_A AJUJ-" i ill Jiilj . La 4 IS i"i a (_Lt~ ( _ ;r 3 (jjLujJLl C) Laj Unit 
(^-Jliill Jjj i .1 ^Ir-AjLa-" i nl jJia . a^ISLII (jlr i_3jjil!l j_lc. (_£>i-! CjVL*-a 
4-uLi]l 4ir i nill jLa OJL& j lalll 4^j>.j <j-°J •^i5 J ?^' J_i>^' ^J^ 5 * (j^ (<iSL>JI 
I j_a (Jjl i" i i iij '«j j j ">• A I la <S"» L^jJJ j la '_' La LJLc. Hearsay ji_aLJj_i (j-a 

j "■■<- jj-u^sLiJI ^J ' a^Jl ^—3 P^jId^JLI 

Myrtille J^ jm# £^jm* 

^jt I ^Jjjj-lL (2^-4-iJ • crin j^j-a-i ( _loju 4_*_aL>. <j£ 2 , I ^J-uj-ua j-j^Iaj jQ_i 
(j^a IJlXX. LaJLy" i ii a d J** I ''"' i-al CjLiJ (j-a ljL>- SjJJLK-a J-o^J- (j^Lc- <— ^J-*^ 
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Top J a ■ aV (jlr ? ,j-a Laliaj £_aljj_ill aJlJ-" i uJj . 3_LU jjl_t_i V Cjljj-iL! 
*ilr _j!j_La (___ 2 J_uj_us t ^jLJr" i ,il j_)j . l__j_1j_J! ^Ir LiK jUijjljj Down 
L_uJ_>_1 4_]^j_i l_jjL2j^_]J i*La_i 375L__Ji_. *_LjjCj!.Sj_uu 3jjj>J! j__!^__!l 
_ 1 _ 1 (J-*J fj c J ^ ' ' (J— ° ^-^J-O - ° c ^~ t rH l>-— — ' f* ^*— *~**' ' " *9 (4_l__ij__u 
4 JLjJ__J1 ^j_a 4_*.jJ_1 £j_b _jl—l- j-La_J (-—Ji -n la *'' _)1 mi _Jj_ /__ g— 1 mi t/J d i ■■ * 
4_2jj_a 3-a J_>-*i i u a i4_u_l__l J_L_j SjLc (j-a 4Lu»J! JjJLso IJljj _)l I g_5» ij'a 
I jA,^;,„ ^jlllj HWIM ^ 4-ajj-"n.iU ((Islands of confidence 2L2ILJ1 jj_j-» Jia 

.J__u_:| ! j__ (jjs (__l_-l *j^JI ^-9 

*> Sj'j-*- 1 ^J-> t«J>i" _h-° 

^ (IhU^ Cr^ j^^aJ! (^Jl 3j!j_»_! 3_».j_ J___ (^ia 

T ,_u— 1_ d a La ' a /__ j La o" i ■■ _|_4 

J I JLC J-J-* 4jLL_La ,__ 4_j__u Jjj-k - l ^-^* _3 U ' a."*- ' J ^J ' " (J-^ 

Control strategies /a__*_l! CjLl3c_uIj"i.iI 
3_aJa_l L^ajLJc-j •■■"' (j-JI 3 --J—,1 (jj>k-" CJ^ 1 ihH^ (-jL-^Lo-V _!_j- 

l2jL_}1__-V! ,j-_ 3_j_lU jl_!j_. a!j__1_/! <___ ,&_____ *}__!! ^-Ic i__j__J! 

(j-a-L#jJJ SjLJuVI jjj ( .i (jHJIj-3 iil"-»J,l I J - I j JU .3_ajlj-~i i .ill 3_j__,l p_jj <___ 

.a_uL*>.ij_j|j 3JVjJI (^Ji 3-uji^ii 3_j__,i 

J'C ("i ) a - (JSL—u (jyl^- Harpy^—jj L_ ;y_aLJj_j (___■ CjIj__i2! Jjixj fHJJ 
La_Lu i ( jjiaL>J! _j___UI (___ L_l iiii^ij _r~" *i3-*^' (JL2jjV! cjK i ."it (^Lu 

(jjSill CjIjj^jsI Ljj^ Ji^tlu (jl (jSLaj (_^Il cLaJlaJL I CjIjI mil (jjjI^^i! Jila-i 
(^1 J i^ijUll (^ 4la->J! j j i nij 3jl of j i a se '"' I J-^JJ .CjI nKII jl » U I ^ 1 1 
«l_Lil! (j-a Lcjj jy-aLij-JI ^ La «J dJJjj .(^Lj-l!! (JS ."ill ( _ ;r a j n" i nl. I jl «i i nU 
9 $j '"i a jj-a-tia Cjj^oia /j^Ji /y-aij-AJi (j-^*- 1 L>* 5^Lt" j^j I ) y* > ^^-1' J-aLtim 

J^i.ill (j^s (_>"jJ o^ oSj '3x.j mil S^o-Li (jjs 1976 -1971 <j-a Sj'nitl (^ Arpa 

4_pe_uljlla_u! LaJL^-"l i na (^_*i_jjl ^—11 jL_u_jjl £ya ^J-aj^Jl ^-JjLa ^JJbt_lJ . 4JjJjlJ 

V LajLLc 3_ijE_L.il j "iiJ _J_____T _)jSi V j_) ___J1_3 fan-out strategy 3_o.^j_a 

3Ja j i uJ 4_«_>JI 3j|jij fj. _ 1 (_ilj__J! _>— la_ 
aJl_s_u__- JLl__U1 ^__ c__t__ai C_jIS (jjj~ JJ " J c ^i- :t TH'J^~ — ' — -J— L— j 
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-4JlUI jj^>*»> jL>-Jj1 ' ^ 4JL4JI ^j^* i I 4J_*3j>J1 jj-° ' j „ (Q- 1 (j-^l ^l3~?* 

jl injll <j-a Lai (Jj^i-I (jJI «3j_jj^>-» <j-° di^*-^' r' LX ^i3 «lslands of con fidence 
SRIXSDC j 2 Jjjj-lo (jji ^p Ajj>-" i ii_ij . jl i njtl ^1 (j-ui-JI (j-a jl (j-uj-JI ^1 
pLajLi I j i a x a 4-^*j (jj^JI cjVLtl>.V! jjlc (_LJ-2j 3jLc jjSLxjj ~ j'U I j-& 
cjI_«_LSL!! jl_Lli.!j ijjiaLu i_gJJI pjjJajJ.! (-;r ^. aLpjVI j^jj cjL<j*_uIjIL<j/I 

<j-a L*J>o HWIM £-oUj_l Ajir"i,,nj .^JVjJI ^"iimU (jJLc VLj^.1 ji£Vl 

4_a_LS /j I c i_3jjLLII (Jjl_r>o (j-J-II i^^jL* 4jj*_uIjIoj/Ij 4jj*_uIjIL<j/2| 0JL& 

(j^jtLso! ^^ J-AjtiJI ^°> jlj <l"il .1 zl (<U iCj! «iK <ic.jjaj*-a (j-a ijL^-"' jl 3jL>.lj 

.£cuLl!I (j-° ^-^^ ^"J'V ' 3J^ i_3jjijJI /<u (_^ll! 3 nKII (jjs UjiJ 

4jjj_a (^ 4JLl (jjtljJ! OJ9^JI (^ A^l£-JI (jlr i_3jjd!! /J-aljJ >!^i j-uilj 
<- i i i ii II (j_*£Ljj . 3_]^iSLU 4-ij-ijJaJl 4JtUI («-£3 jy_olj_i sl.il (j-a j-jjSLi (_j-i.il 
Lj^j 3 j"j , ^ tl 4_JL_ujJI ,_LJL->o ^ »Uaa>Vlj (j^ialjjjl ^ diljj (_, mnj-ll 
i l_jj_Ia_i 1 1 La -- 1 1 <U-m-l J J I " (jSLxjj . (J-lLxjJI ( __ r a (_jaJLlJI ^ Jt-4-> (^1 i^-^Jj 
.4 I j I ->o -ilj-U j»!M-SLII pjjJsj-o (2>c 4_u L«j>. I j_i j 4jJVj CjLajl«_o ^1 ji>-"i , U U 
(j^Lal l!ilj . .ijJLx_a joJLc (_psljHal J I aLoj-AVI (JL*-a JLjJLrsJ I JLA <_tlLajjJ 

(JL2_L-m L*c L^j Jj^j- cjL»^jj jjJi23 4_ul£Lol ^La (jlsljIiaVI I jla jj^--' 

VI .jl j~irVl ^ ji-jj (^lll S-ujj^aJI oLUslj^aVI ^ JLa j i,Vi-W3 dilj Jjj 

4jjJlUI cjLjj" i .I U i^\-i ^LcLaHJI jj^ pj-JI I J-* ■ ' j a '" J^j i nil (j-° <_>"^ *^' 

.4n\~'-*\\ 



w I c i_3jjL<JI sLoiajl ( _ ;r 3 L^JLaLCjj d J~J ' a ' I '**" *v»-y' ^ IS i"i JjJLso J-«-»J 

• f >LCJI 
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£t\att\i <U4& <m^ &»\y 7 






***** 

*Li^sL>.j idjtjjU dill 3j_uJ»JI ^ i la 1 21 jl CjuLlJI 
I ' aaj a -»**' rt tJ3^-J 2 clf*^ '■ ' ' "L>J1 aJLj-I i nl A 1 1 ii Hu 

p U" 1 ^^ISLII (jj<L«j>JI esic (JjSj Vj n. 1 1 iiL=»J1 ( _ ;r a 

^ U * rt j 3juaL>. c_t_pljjj Cjl!i 4_i£, LLLaj^s 1 «L^aj-i 4JLI 
r^g jj|j ,«j 1 1 .tin pu"l I^Jg Ai l ~-" 1 mil Liajl lLILlAj 

j_iJ3jjJ j^s-l <■ ' j i ii dJLufcj . i. 1 1 iiL>JI I jj'a a Jii>-"i i nj 
natiiral-langiiagp-2 j . j , U tl CjLJLULj <Liiu /J-olj-J 

Aj-a-1 in U oj^J VI J_<il>J.! (jja 4J? jj* interface 
I jut ^Ir j CjuLuJ! SjicLjs 4-Uj Jj'^l alb "Mj- 5 i?^ r 

dJLi^a JL>. (_gi ^^i^-j . Jlj mil jjiiifVillj JjjQJ! (jjs 

«L£j j_j J_a3 (^ Aj^j r" in U ^Li-j jl <j_o d j uio . 
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^UKxoUl .ISiJI 



JoLu-V! j_a aJlJ>-"i i ii U (j5-iL*J Lufcj . 4jjJL3 aJa^aJ! ^& (_£JiJ<_u ^-iL>. 



JljJlkJ! ijJLufcj . SjjJijJ,! ;y_aLij_il! CjIjJlS 4J k Ltajj La JUx. aL»_u& z! jl jJlSj 
terminals <LjJ3jJa <-»IU-» qj jjJajioej j-a-a LiLtJI Sj I J V I t_ulj_aj jjjjjJ,! j-a 
<_ 1 1 nL>JI J-oIj-J cJ*^ ct^^' <»L«_ufcV I aJiJlI L$J (d^-o! JLJcjjj/l j Jiij ja^jjlSLo (^ 
(JUI t;r l£. cjuJ menu-driven jcjljil!! Cj!j> 4^aJLU /y-alj_JI jl liilj .«4jj>j» 
jo- /J& 4Ji_j_aX. Cji <j\p aj-^-ilu j^Li- j_a aJl^-"1 i nil j-a_*j jl ' < 1 Lajj L^jV 
, sL^aJLa «buj j-*IuLi_a 4jL>.Llo-I jc \ t* ) jl /uJa-dJ «U| 



Interfaces at different levels: lUina^l QU^mbII ^jit mLmmJI 

aJLJ-" i .1 U j-C (jr jiie_l jl j_A 4-tluJI j-aljjJI j-a ^j i luS^JI <-SJ^J! jl 

J i auJ (_g JJI ( _ ;r <j/Lu/2l ;y_aLlj^ll ClLajUU SjLcLs jLj-Ll J-i-a tLllSxll Jjj^LfljJI 

aJJt" i ii U «UX. j-^*J Lai ' ■ illajl Jjjjso (jix 4-jJLlJI ;y_a!j_i!l tfJLA (_La-*jj i4j 

■ '*•-— ;t| j_oLJjj -j ■ I Lajj i^JJ! JSLJJI (jJI Jjt;^ 4J jJjj (_ylll 3JLj_LaJL> 

4_j_Lj_Jl ^_alj-Ajl I i j la] :4_j_u_Jl ^-alj-jjl jj Laj j_a jug" i u a LL& ( _pajjtJu_uj 

J'C i~i ju>.L3 (JjtAlLi cjI jj jlso jj ^lajj iiLajl «_jjLiLA JSLzu ( _ ;r a 3j>^>.jJJ 

'**■ se ] p^ iXa-a dJljLa (j-^ (j- 1 ^-^ <jfQ**' i nil /j-olj-j Lai 4«LjjL?e_ijl CjLstllll 
*OI aJuju 3jlc w Lea a j^s /*-*-"' J i3' _ * :aJ C~^ -J^Jh^ LHi 

: 4_JLlI! pljjVI j-a /"»ljl , ..A" , ,,\1 t ■*■ n i ,i" (^yjtj 
(j^)) liili Jllaj i<rjL*LLJ-u-J (^L *Ll2J! ^.lU" V (^1 cljljl iiiii~iinVI - I 

((SjLJjJ-a «_23 5JjJ (_gl 
tCjul i n-»JI ^j^* I ' 1 1 Lalij /^-Ii jl CjL>.1**i i**i i u if I ^j^* * ' i ' Lalij /^-Ii tiJij -2 
Vj SI_Li!j^Li3 ^1 jdSjjj j>s (Jjj^sjJ J I La-SJI LjSj <" i in (^yl!! 3jJl! La Jila 
(JIJj^JI I JLA (JlLa ( _ ;r l^. 4jL>-jAJ 4_l3LS SjJ3jlLa Cj La j I < a tiJLufc jjSLj jl (_Uj_LaJ 
jl J^>-JJ jl j^lf jd-yJ^a (_gl j^-Lu 4-3l i ii U jl jjiloJ.! j-a jSJj .j_<IiL^a 
j_aj-J1 9. Lka^ I jS_a_j j " 1 1 j I la 5 1 1 «Lcj-*_o i la i ■■j**' a jc CjLa^Lt-U j-aj il_lui>j 

. jGJjjiil ju jLLaill =LL>.j 4^j i" i n") JlS (_gj-I! ( _ 3 -jjj-2iU I 

^jJt La Jila iCjLJLuJ! SjLcLa ^j^ 3j)^>.jH Cj La j LtXI jc /"iljl . ..A" , ,,l -3 
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ft m i |j hi I ulaJUU ftj-ig ».;"'.;.' /J»'jJ 

w A IA j rt £^ 3_5^>.jJL1 CjLagWU (_& La S3jx.La]1 L^Jalijo /^"' CjlJLj_J1 <J aJL>. 
-4J3jJt_U £>JJi La» Cj La r, U U jj_a p9-^ 1 JLA j. ^ in l ^jt jj£La_lJi i4_i_L*_a CjLS^jIu 

,-,ljl , „A*.,„VI (j-a^j" mil I jui^yl^. Jjuij^pJI /txljJI (j-aj .metaknowledge 

Sa RobotinteUect (1) Ladder (2) phir- (3) 
oljjJa lr 5_JLl!! oLsLUsV! j ^ k" jl *JjlU <j-a •■(^li!! jjlmll 

:3-a.>La]! SJLlLUI LliljJLuJ! ^ Jj^l igyii.iU 
Slj-j-LsoLl j^-l j lqS] jjt La» JlLa sLiAJLl p i uTt d 1* i »2 *Lpi '— "W^?"! "' 
(JIJjjJLfl la 1983 aLc 4j>-jJ ^ i na^ji 4jLo 3j!j^>J! 'I^-J-S CjJjl} ajj (O SjJ. 
-4jvjtla-a d j A 4jJ_Jl>J^M jL^J^I Jljjal <ic.jMi^c-a q\ dil j i4j ^yln-o V Jj^M 
d ■s. j " A ^ I j 'X lj 1 JJLa^sj i_Sjjj<-a j^j (JjJal (j2 ^yl^.^/! JLr»JI JU£. ^ alj a 
jJLual ,j-a j tr\°\] j^j i-lILcjfc OJ^ O' 1^" J-*J-><J.I <j-*^) 'c J - i ^'' J->J! JJ£. 
JLSji . jL^J^L! 4-u.oxlL) 3-aL$J! CjI <i i nil (j-a jj-ujJ J l^anjlj . (^Lt3 (Jjcj-u^ Ji" 3 

J j , ,-. X~. 1 1 . 5J| 1 1, U oJLA j_uJai (J^J- 5 
CjL>.j_} Cj^ se i ii ^j^ ge d « ^—jLLII ^JlJ i nil /^-^- ^-alj-AJi p'^* rt c_t_ij>oj 
- jJjl^JLuta jLit JLSj i« JL^aJ V»4jL>.yt (jlaaJjOJ ia 1983 aUJ Sjlj^JI 
I jut (jlc- ^L^-^J 3_JVjGjj/V! 4-lUjlJI (_>oi-Li j»j-aj V Lul ^Jl Daniel Kay ser 
i^ila <L»-j.i 25 (jjt Jlj i. ill ^ 3jj£j-U SjIjjJI 4j>-jJ OJl£ jJ Li£ Jlj mil 

. l_Li3jj<_a *ljj La a JlJ>-"i i ii ) LiJI dll j 
(jjSij JL3 sUijj^iij (<ulj^ » Lk^c I (j_a VjJ Sj .^"-^ ^ CjIjLijlj 3jL>-VI -(_! 
T4Sj_,iJ| SjLuj/ a jj>-"i i ii j g| i ii i iijll ^yS (j-a» (JljjJ! (jli jj ^liLtS . SjLjLa J^l 
»1 a i nLl 4_a_lL3 Jlj^?E_a £yi J^S\ Cj Lag I ♦ a _^ La «j <(4_l1^_lJ jj-a-UjJl)) 3jLi£, ^jLs 

. f VyA 
jj-a j-^jI /J— aLlj-jdl a Jl^-**i i n a «_a ^jjLftjjl 7" Jlj J J Laj CjLiL>.! g I La C I -_>. 

3 Lj niVt j-jLXLi dilj Kaplan (j^LiL^ jc-Usj^j Jj aj Lxj Ltij^- jll21!I 



:5Jhll ^LLj-VljS 

(jL^JLal ^—5 A I 5 t-lJj— « j-I tSi ■ 1 C J Leaj>i jj- 1 Jul ^ iHaJI jo_A jj- * ' (J-" 

^1983^^^ *Lo.Vl 
Sa 1983 aLc >Lp.Vl (olc ^ t_jjM-uj oVL>. dJLi& oJl^ Ja :2 (jj/ 
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^UKxoUl .ISiJI 



•V:2 S 



9j» 1983 4-ujj j_y3 *Lp-V! /ak: ^ (ji.auj.LcJ! 2jlUtl jjlc (o^ :3 qm 

.Jo.! V:3 £ 

:jj>.| VIJjj/ (Jl<jij (ji jj-2j 4JLa iSjLv^I oj^j (JjLJ! l>-LAj ^tP* 

Sa 1983 ^jj ^yfl *Lp-l (jUtLal dJLufc jl£ Jjk :4 qm 



LIFER: jjtd 2 limimJI fj*\jJ\ s.Ld tadt$dt *»t 

v^jIjj^ Ij^!-*- L>- JJ-4J-SRI International (^ jj-Ia l£ J-!l- «j_ajV» jl«j 

2 it^'iVl j| oLJLlJ! SjLcLLi JLuaj}U 3_utjxtaJ| CjLiilLi 3-j-LlJ! j-alj-J! *Lb 
<UC J q> a (—ll sLsLua 2u 4 a^e_ul JlCI 9J2J j ...Art ^j^a j_flj 21 (J^SILjj . 3j-u_>Jl 
(jjJI ^tll! JLcljJS JjJLr>o j_Jx AjLa-" mil JlcLuiJ I JL>- 4jl3 Lj jjj_>>j l_ojLLij 
' d J * j t-Ia 4JLJ (_J3 d I t i u3f I » (<*>aj LuuLuut aJl?-**( 1 m1 (jj-Aj • L^txgaj jl ^J- 1 
Jlj in II ^yjj^pJI J'C uJ| jjLaj template i_JLa <j_o ^sj 3ji£.LJ3 J^ jjS^j 
SjLcla (^Jl Ji. jll Jlj 1. ill 4j J2Jj (^jJ! JSLJJI IjU.^ rjJejo i—JLaj Ji. jJ.1 

1 ta ah Jj^M i_JL2JI Lufc I '1 J^J .CjLJLjjJ! 
jLcl^JLlI (j_a gLc^ a •*- a J_jJ^t_Hj 1 J_j_j 4_j_LuJ1 *lx1jjJ1 £i_u 4_lLi£. jl 
(^JLl! »l j uiVI .-<Vj^« jjjl»o liilj ^yJjj 1(J lr^fl (j^li.iU (_,!£. productions 
IjSs CjI Jj_<LU CjI qKj LugULa 1 LcLu (^jVI CjLjj'ii hU (ji^- j J k" (jl (j^-«-i 

(j£. CjuLu SjlcLoJ jjljj-o * ) 'J- C '| S>5e_u) I -7 (JS mi tc-Us^jj . aLjIL&zI jJL^-a 

S a^ Ij-j j u a_i_u . (Jj» uiJ ^Hj /^-* » 9-^J ^-^J— *-^ ' 

When will Bravo' s sonar be operational? 

•.(JjJa Sjjlj Category SJjJLt! jjJl>«j <jSL«uj 

■ d 1 a ^ ^ 1 1 d A n >, I, I A-iAjl t-^-Us^j ^—Lajtj cbjjL^ d U , ,.1 a t - | 

. (oL^i^/Siia/c-J^) = :(ol^p-) 

I jut k • ■ eajj .dJLSjis. jLpi.1 c_ocj (_gJJ! ipredicate JjjuJ.1 3Ja ,„lj, -2 

2JL>. dJLLa (jl Lt£ . ^Llo 3_t>.jjj| j| j^Vl Jiia diljj t 3ji^L>. jl 2 '« ■ aj 

«Lix. >— ut-Ja 1 j 1 1 n i 1 JUojt_a d ! a S o u ^Laltjzl j^^-i LaJUX, /^j-Aj ^J-^' d q 3, c 
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ft m i |j hi I ulaJUU ftj-ig O .;''.;.' /J»'jJ 



. Cj2[^JLLl ^j-a 4J-ui]-u) d La i ul aj LjjIj^j -3 

4-«Js l_La (^yltjj i^Ll!! «_iLuJ! ^^ Lii (_jjLu/ (J!j-<-u ^1 4 j 1 1 ' <> SjLi/l tiJLut 



1 5500 



10324 



f^J 



I /* l-s 



>o_a 



<P> 2 . . ~ "a 




when 



<equipment> <preposition> <ship> 



<state> 2JU. 



<article> <device> 




<existence> <good state> 



of 



Bravo 




the 



will be operational 



(«LjjIj liDjSo, 4Sj_«iJ! ( _ ;r 3 i_aJajJL! (<iJ3j jy_aLjj_jJI w La «_') 
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.28750 .<_ulj 31416 *3j (JJi^a 
jlIxj dJJJuj i5JV! (^ oULljJI SjlcLs «I_Li <Lloj£ S-Sjj-I rL^*J 6^ ui- 5 

.l_u!jJJ !jjJU>- La-ml «3LalSLa» *L«JS (JjljaJj '■ aJLJt" mil 

. A T ^ d n '. ; fl * * 

t jj-uj^^. ^ n <ij~»» 3Lsl£La *-Lu fcS : ajl^-**( i nil 

. (sLa^JI "*• "» ' "*_') 3L3l£La-3Lal£_a :j_ajV 

. 5000 i_Jlj 26 1 828 ^j e-kli^a 
j-iitjj i ^LADDERUNLAND *-aLJj_i jj^j ^ j-ijV ^jliei-ut jlsj 
^-ouj-jdl 1 JLA jj_o J^*-^ J^J i 4 ^?^ 6 -"' »j^ i ■■'■ i 4 a 1 ***' rt CjuLjj SJlcLs CjUsoLla 
din u2l p^-u L>. j^_4-> (-lj L<l_l3 j_p3jJLJJ . <Lu_aJj-aJ I J gLlJUj i oJI J/CjlUu fr i n 1 
4jL>.2! pLLajjj/l JL3 ;y_oLij_iJI (jl «/«-«-i» 4-«JS ( _ ;r i*jj . 4J 4j*.jj (jl (jSL«-i (_^<JI 

.jO-tj-'? 4-1^5 l_^C. 9-j-lm] LgjjJ 3JjJ (_gl 

>|U J S 34-00 N 43-15W j-a^o ^1 J.rV.t Aspro jij^u-ul 3j ;~ , „"i ^ 

j<sj(J-Sj^tjJI ^1 Shark ijJjLJu Jj-u ^^.a 

. rfSJU- S^jLtlat d i ii q~w (j£. *"M>-^ ^^-s^* CaJjb i ii 4_jJaj>ol (j d i ■■ (_£l 

. fQju-S ^jlajt-a ji-i'j L#j CjIj-jLLs «LLaL>. (_£l JL>.^3 (J_A 

. rfSJLJ Sfox (j_ui^3 4_Lloj_o j-l$_=»o (jS_4-> /^-* 

rfsju ^Charleston ^jaj i ntjLiuj 4_Lloj_u ju^_*_u 7-^Lt-^l ^SL^-i /^-° 
. (tjj" ' nljLiij ji-^ij 7-^M-i^s! (jSLxj (j^-a» Jij-^" j 1 '^"^1) joju-ijljjljj! 

.(Oju-S dLuLbLlI Jj^J ^_j3-^ *'-'t!- L rt^' J^ 
. fC-»-i- j » I n**t < ii jl ' La3> ^jl o mi 3j^>*a_a /j a i ■■ ^t 

. (S 12-5 6 N <- r ij-i^- 3j^>.jji (jrii .1 (_gl jL^io.1) S 12-5 6 N t_i^i>- 

'. Lai (j-t-*-l (jl t^^-^^J j^^Ja-aLc jjljj-ajl Ui^J^^A * )^_L>.)) C_t_jS^3 jj-oAj L^j 

: jl IMjJ-lLso^I (j^ 1 nil ( _ ;r & Lo 
(S 12-5 6 N t_jjjj>- Sj^>.jll SjJ-lLjoV! (jiiiull (jjt La 
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ft m i |j hi I ulaJUU ftj-ig ».;"'.;.' /J»'jJ 

.JO-K-I-S Ij^La JJU (_jJ^ <j-^-" l5' ^^J^ (J-* 
( S3jul£. . (J d I ■■ (_£t dJLijU-1-u (J-A» J' ' ea!L> I) /QJU-3 jjl£. I 2 «LCj-*_aJ ^_TS_U 

(QJLJ-S^J-JJTE-UjI jqIjlJI C^>o J-^*-»J (J d ' '■ (_£l 

L^Jjj^sj f-^J-y ,j^'" lS'" j^ uala-l) joju-S Le Havre ^^1 LgJjj^sj f-^J-y 

S Havre j^JJ 

dlljdj hj1_lLl3 <j-ljSj_a 2 'j I 2 i ) '"'Ijl Lags. VI JjLu Ty-^-i-a f^J-Sj : 4ia^>.^La 

Le (^1 L^Jjj^sj ?-^5-y ^i>f^ o-^ j - u l5' l^ J'j-^' o - '! ?y-°^J-^" J la '_' 2 

. Havre 
. <ju- S (j_u£^3 d Lid i ■■' I (J aiaj Jj-ax. w *" ' 

, jqjlj-7 J)j-jj_o 1 d t-td ' nil /jji^. (JJiJj-all i '^ il LgaJl fQ_i_ol ^_A La 
/OJLJ-SJjjLIa (^Lo* Cr^- ^^rH-^ 0"-*-" (1)-° 4— Si-se_m jl i ii tl ^Jt La 

(<uiJ-SFall River 3 Ui-mJI (^>c u-u£ai 3 ijii mil jjlj jj* La 

./«jtj SsIjjj-uVI daj» (Jl a i"i 3j>aj».j_a Zulu-5 jlj-Ia (j-a 4iJaLi (_£l 

p» *~\1^3 *Q--- gje ' aJ-S Njj *- a (J^-y^Pj^ «LLLflj_oJl t_djlu /^i-a 

fOJLj-S^j^jJ L^J ' L/*-*3rH' o?"^ ^5^ ^ojL>. 4_Llqj_o y , l**iT-"i ( u J-A 

*s_«-i-S(J_ajtl] 3J»aL>. Oujij.il 4_Llqj_oJ| "k ■ < aj (-^-a 

*SJLJ-S I J * la a a £ Lc_ui a_A La 

-S, U , ,^".1 1 ^j^^Vl jl^_J| ^JS ■ j ***' rt (—L^, ' ■^■'^ JLvaj (-ill ^j ^ ' ' -SJ^. (cS 

(OJU 

(J Lia!&U d j»j j-LaJl CjUULj 'LjJLu 5y-alj_i L$-i (_yjJI lS'J-^^'' FJ^'j-^' LTVlj- ^ 
(^alljcjj (JJjLlJI ;y-aLJj-JI «_a I j mi n" a Plaines, j-ijJLl jy_aLlj_l CjLjLj-JI 3jX.Loj 

(—^ ".(jLo* ^1 x_j_aj>. (—3 SoJLJl (j-a 4j>.jjJI j-^' p aJJl I J_& ^_a1jjj (j_u_uj 
j_j_cji d j * j 1 Laa j ml 1 rt 4_SjjJa_i L$J «L>.^aJL1 ^jl LuJI T-^^ LlUa iJljO* (J-aJtj 
3^JL^t_a j-i^. 4 It < ii^/l tj^9^ LaJLt^, ^_auj-aJl ja-AJlIj La jLcj-j-u (^H-Ij 4«Uia_aLc, 
dilJLlJ . J ar ,j£. 5j_aLlj^JLl pLfljMJ aJlJ-"i i nU ^t i uJ Lajti^. jl i 2 i a " I C jl 
'.(JjVlS (J1J i ntl 3t_ua^oJ 4_jjt_j_Llajl cLSjjJaJI j^aSj 
S cJ-i^jjij (jlJSLilj^ CjLa i_ ajS 
'.(^VLS )«-^3J lil d jtjjU (J^l (JIJjjJI £L2jjJa (JjSLj La_Lu 
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IL^^JJUZ cJLajjIJ (j^i£j\j£ CJJJS (.ill II (_L* 

VI a +"r ml i£j.i I aoVI j^ «tl Ajliel^l) S cJ-Jajjj (>KJlj^ oLa IjLt, 
Why did Franklin Roosevelt kick the SLaaJI <j-c j < < j I ^^Lc =USLlj LtjLiu 
.(joj>.jjII . i. i mLjJLi (J£l ma Jl q'iiiVI I jut JiU u i j i ujj bucket? 
4 __ r ILl I (_Ls->JI JLlSjj <L>-jjJ ^ .^.al jl>. 2_jj_LaJjl 4-o.LJI qjz tiJLufc jjjijJj 

3j " .' f—^jzt o' o-^"-*? J 'J-" lS'j i M-y> c ''-" l?j" ' " a 3< 'oLcojVI I <3 1 j Sj 

-(j lUII AjLalUI (2h° 4_Lfl>lj_JI 3JL>JI ^j^-Jjt" i ii tl (j-aj iljL>- SjUJLC ^ a b -» a 

. AjL^-**( I n flU S^JSoILU Cjljl_LO*V1 X_U3J>. jJjLlU 1. i I nL>JI ^_ajjjj I I l**M (jl 

Some Immediate Possibilities :<LJL>JI CjLiLCaVI (j^*; 
(_j-Lj La_u£sa ■ 5 j » j i U 1 1 CjLilll ffijjl tLilSl] 4_JL>- '"'I ^j daj Sac ii]l_Lfl> 

: (IO) Waltz o^Jlj Ujl£.I (Pll cjI njiU-it l liiJjj ibuLa 
(jl rL^oJ tiiLuk Jlj La (jSLlj i^j^j-V 3_«J <j^ 3_a^.j^JI ^ SjlcI ...U -I 

.» in 1 1 ii 2 1 {j i n ^-i j ( __P=>9j3JlII (J^t-i («i 4jV1 4_aj>.jjj (jLuujVI Jtjvljj 

j^jLaJI * J ^*~ ' •■_' LjJLg (jyjJIj ' I J la-jjejjj (JjjLiaJI «(<i^3» ( -5 i^ SjJloJI -2 
I J **" ( ^t Je- i J /jy^Jl CjLa^UU (_l£. (_£o!Lr»o fitJLuajl dulS I jl La Jj-dJ (jl «Lcj-t^iJ 
-n J a II (j-* f iXlalLa (.^QJ ' 'i a (_!! LjJL>. 3-ia^oJu ^-alj^Jl Cil <<ij JL9J . V a I 
(_JJiJ(Iu La IjjLJj '-^5^ OJ j LaL^ I j/ a O- 3 -^' fojJsojJ Ui^ CH"" CjVL>JI ( _ ;r 3 

.keyword searches <Lo.Liill CjI aKtl £yc i.StjII 

Jaj-Ltl J_a_«JI ,j_a j j j ^ jJLS «I-Sl_> ^j "J ■ ^ * II jljLcl (^ 5 JUL I i nt,l -3 
SjLcl 7-lj_iJalj 3_£a^e_cJlj 3_LjLa_gJI jiUaJ-VI £>£, I a uiSUI JiLa (j^-^'j-^Li 

.(j^illl 4_j£.jj (j\ i n-»«j lJJi^j 2 A I j, ^.11 
«Li_L (__)-aJ (-Jl 4jjaj^3 4Juj cLlj^JLI CjLa^UU (Jja^tlj i^Jjuajl JLJ9J -4 
. ^IjJLJI {_ya 4_ul^aJ ^1 <■ 1 1 uLu /^>* * 1^1 1 ii VI /^ jcS^tlUl jjS-ajj 4«Ljjlj_lL3 

i3j_uSLII cjLjLjjJI JlcIjJLi (Jl '^" VI (_ ;r a /aSLxjJ! JiLa ^ Ah^. ^ .-<! ^^ ,u~ -5 

3_^JlJ L^JLc jjta CjLaaJL«ji j-j^ajj 'w** * *'^^ (jJVI (jLcajVI ^5 /aSLajJIj 
cLa_Iia_jV1 d La i ul aj '(t^-J' ..«Lul_Uia , d j ■ Ul d J ' ^ ' ^* "^" (J- 1 - i W^ i ijr^ 3j^ i ii 1, 1 j 

.Sj_ujJI 
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vja^ia^\ ^£U 8 



J (.a-all /y3 L#jJI jl Mill Sj-LoJI (^ i.'it j II j^jJ 
dJJi jLjI JLSj i3_LaiJll J-a^JI r&#3 J^v £jL-JI 

(^1 tjl i .I iVI j_La_Uaj (jl jJ-y VjLa ".(JiLiLA Sji^. 
i4_^a jjJ (_g JJI 3I j '" H <>£■ Jj^-^ J-*^' (.y^ 

d 1 11 n^U 3j-iIoLLa j-lC CjuLsJ (—LajLj La Ij-jjS Lbi LaS 

. LLlLc t-j Laj (_^lll 
:(Jr JLUI jljpJI ^1 }Ha jJ^I 
Scil J i"i uiXI JJJ < a3 cut jj-il *(j-" 
. Sjj 1 uS a L#Jl : r - 

(jl (_paj-l3l <J-(-*-u (_£J-!I (jr^-V Mill (jl Tc-ual^oJl jj-a 
3-Aj -C)1 J i**i 1 11 U j»ja_i-aj 4J1 a! Jl^-**i i nl Jlaj (JjL-ajl 
Sjjj_UaJLj u 11 j t (j-SLIj L>-jt ir-i QaSLj JL3 y-Luxi »l 
<j^ o^y (1^ ^^ 3-LaIjJI 5JUJI ^ 4Jlj -dll j£ 
jJlSI Sjj 1 11 'C a L-^-ll— 1 4_ll^j*J5 djUjuj i L^-al JlJ>-"i i nl 
(_j-3 L#JLl (jlj 1 nit 3j_<I/L^a 3jL>-I <Lil LlcI (j_a SjljLs 

. VLla 508 ja^j 3-a^c 

/J >JI (J j I se **m a! a" <fr 2f 1 1 j se jj JLj a-t-Se-Ja 

cjLa^L«JLi (j^^LJI Cy* -SJ-c LJL>- -1" jjj ,21 ,^A;t I 

'(j-LQ-La^JI ( _ ;r util d j La «" (_g jJlj (_>-ajJI ( _ ;r 3 4-ixj-uJI 

V Lgjjju (j-lJIj iiljus-VI ^ jj^jLiiil jjjljjjj 
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^UKxoUl .ISiJI 



Jaj ' ■• « 



aLjIaVI 4j-"j i .1 (j-aJJI 3j£Laj « story grammar» 2 LaJill ^scj jj Laj *-a : tfj? 

• Sjl^lj (^oj-LJI J< M.tl (^1 
t_gj < I 11 CjJ_>J| (^ iA^j" ''" tl J-^'j- 5 (j If j*l «i* ft 3 1 j^j" j i .i : LlJLj 

. 4_Ljjt_a L_3ljukl (^-L^jtHJ L^JaJt_LLi /jy^-11 Jjj-k^l ^-t-^Li'J 

story grammars Adt^jJI ilftill 

(j-a (jaSlu 4_j_u LgJ ^j^ ' ea-aj I -n la * rt (jt ^ la a* ^ rt (j_a S >SA1 1 0JLA Cjl nil 
. 4-u-&jIill CjLcjjs->J,I (j-a 4 1 1 uli »(j-a SjLulII (jj£<J LaXLa iCjIjL>.2| (j^ 4xmLm 
(_, Ir j_j£pJI (^ Propp VJLh 1 J 1 -^ Rumelhart CjjL^JLusjij I ju>. jJUj 
-1 '■ ) aqj I JLiJ (jr-^ ' d '^J ' ".' ^J'. 1 .' jj-ajJ La LJLc (_yjJI i«Li^lj^>Jl (j^a-LaJLjl 

CjJl>. -5j-<-u liil J ( _ ;r Lj i« ^^Ji jjLS juLj^i 1 CjI j (j-o aoj ( _ ;r 3 '""'1 J'^ 1 "- uul 

1 J_A ajLat-ia 4« ..... j j * 11 sLfLUs /jJ^ ^j i n i (jLS Lajut^. <(*&-! Cjl!ij « a!_A 
(^Jl jl 2 i a »H ,_L>. (^Jl 2 jl j ! H ^ Lpj-a .L^jj>d ^ 4SLir»JI 3-£_uLS_La 
*jj i a 5 a L$JI (Jj ^ I • 4K ,"itl JjLu (^ «L2jjJaJl oJUfc o-^ U^ "jl*"' ^MJ • A ^^j n 
ZlAjloII icjja->J,l ^Ir i_3j-*jJ1 (jSLx-i 4JI ^LlIIj i I JL>- SUj i ■■■!! 5_ujJ1 ^Ir 
ii_3^cl La jjJLj «4ikg.jJ In^lf i_3jjiIU1 LLiSLaj La_a jjSI 2tjj • u-l (_>-aj]l ( _ ;r 3 



Scripts « £d jUmJId y0£flaJI 

al iiiir-ij (jl jjj i ii (_gj-ll -MARGIE ( _ ;r J>.jLa Jia L*-aL)j_> (jl TcUsljJl (j-a 
r*jL>. xJij y^yZLi 1 CjL>.L*_uj_u 2f 1 jj- ) J, 1 ' ^JLc J-a-«-i aoJLu_u -jtjljjl J ' ^^11 ^_3 
j a ^"11 i_u i n"n (jl SjJaLiejs «^ljj| ^°> ijJLutj h'it jtl )«_U3jjs SjU.1 ^IrM-" 
jj_c ,j_a j_>JI 4_ljLx_a J I Mi'ql (^ combinatorial explosion ^ ^ alj ". tl 

a! Jiiejjj/Ll 4 K mi a II j^jjj^. (Ja. ^1 Jj^jUll (jSLal Ji^j . 4j>.JjJail Cj zLalo- VI 

cjLa^LtJLs jiaj^ (_p5j^j sLlILdII (_L«^>JI JojjJ «jjjI ij i nil jl ^j-^j .^.'ll« 3j£La 

■ a ,,,,, ,!! 
O- (Jj^ Robert Abelson (jj m 1 jtl Cjjjjjj LdJLi, j^>-jij (j-a J^ (jL^j 
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jj-a (j^oSHj ajjl m i nil (j I (j-^ **J ^ O a ~" J « 9-jjl m i nil a! JL^-**i i ill Sj^Ls AJ^9 

l«jj>. ajJljj t j M.r tiJliJI J.^Atl ^ <i*,^\ (_g jjl 1(J < mija (j-tSjUi. frame 

. I -8 ^Js mi ^—^ « ^ * u t, I n^j^j jj-a 

jjjl ij i nil 4£jjuz £j\ ^jJb QaoJLulj dJ-iLJu Lg-ajJa (_^II 4 i ijSj-ll 4 La 5 * 1 1 j 

iiljLj.V! <>_> 3 j xj i ntl oLa}L«J! jjjLUuJI < ^ ■— jj 2 uai m;1 ^ 3iil"^Jtl 

(2^ a ~""j tCiL>.i "1 i**( i ii x I /j-Ji (J-i-^alUl (j-° I i ( nL>J1 {j&Ai *t-}t LaS d a '**' >« 1 1 
^^JLlI A ,^,n\\ ^^ CjLc.lj_iII «J-aj i4^.!j_i^3 J^JJ (*J (jr^' d ' 1 ' '-""' 1 I «LuS/VI 
. LLai-JI JLaIa.1 dilj ^ Lxj , U ..'^tlj jjij iljJI S( _JjLaJI Jjtij La£ (_£jlP 
' La ^ -^ 1 1 tj'^ 1 - 1 lS 1 -^' " ^ JtLaXI » ^gjjl m i n ^j-a O"?'^ i-Lu.3 I -8 ^J \ mi ?c_Uaaj 
iQajjJ! Jaio :4_u^ljjjJ! illjLS-^l (j-a JJi£, (j_a (^^sLil! «j^>J! QaSJy l_Lu aLkJI 
C-u Laj jLlo-zj .iJIjjajVIj i_il i n-»JI «-3.J i4_i^._oJI i a I « La II <_J Laj jLloJ 
..4_fl_Llie_a CjVL>.j LsajJi i.^i i iiLcj (^^s- 4-jil.j^ ClL&ajjl mi ii 4jMj AbtLaJI 

. I JSL&j 

...i—ll i n-»JI j_u!^3 i JlaJLl iJ;LlL>I i A LtlaJ I cLajLfi i J-Ual_La 

L*5L3- 03i}-" Qi^i o' 

Jai. jJ! Jj^ 4jjJ (jl^ U-a J^l Jjij Qaj}-" L?^ 

L«-lL>. JiJLJ ftj QajjJ! 

(Ujj) Juj^ o^jJJ! 

j^iSI jjo2_i fibjj p * La L I j-ijua 

j(^«Ui I » ^ i A 1 1 . ..I d *' J ' 1 *^~ I ~8 iJS hi 
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SAM &lljd 

j^-jjl "Script Mechanism" jjjI L mil jj;^~ S-iSLulSLui ^1 SAM j-ojj 

jj>-L>JLl ' " i a ) La l -» I (jji Jjlj 6 (C>J3j «_jj_«jJI (jjjj-IaJI j^C SjLuj/ C^j^e-ll» 
j-o ijJIj.} jim i ii llj-3 c_tSlj-JI ^JILSj . (—UdLU 4_*_<3_>Jl AQJ <.L_u_o ^—j-ujjjJI 

j^l i .I II jl>.I jJ9j . jjjjj/Li (j-uj^J jjpsj ajj^s Lt Liaj (JL>JI (^ (jjUjojIj 

(_, n ,~,t~ mil ^1 j'n.i'C't^Li CJpiu JjJ^-a pjL" 59 ^^ fh!-<i-U tJ^j'- JJ^' 
<L>.jj (jJj .(jl-ajJ Jju 'tlj-Lo ^1 t_iLajJLi <U 7r <i i iij jLoJ^I (ji>^ ** ' "^J. 1 
l_3jj-Ls ^—5 JjjJLtjJL] i_£J^L] j^**< i n\ j i n ^j-ujJj^jjI ^IiILia aj^_u_oJ iCjLaL^jl ^\ 

.«tlijL>JI 

'.(jJLlll (i^aidll /y-aLJj_J! r>»»t "-. i inLaJI ^\ j^aljl I JL* JLioLij 
6 (0-3 J Jj-Jj-L) (jr^ fj ' "J j>ll j—?*'— *"'- J ^J' J ' " ' " ' rt ' ' a f*"' ^ JLJ j' J-L«» 
JSjLo JjJJI (jjjLvoJI 7"_>>- L«^ 'Ui^'-'j'j Cr^ t*i^' L ^'j- i (J "J ' "'[>^ (J-^J 

(«_^3 (_gl (j ii j Ij-j-II <L>-Ijj j«Jj j" i us i^Li Cd^lui (J jllo pjLJu 59 u-£ f«-j-SJ.I 

.« 03.V 

.4_ul_uj,VI <L«UL> (jjgjell I 5tjsLJjjJI TTJ^-I L« 
•.^LUI <Lj.jP I j^k 43.jL.JL, <LUClU <Ulu«Vl (>l ^k-)" ^Xu.lj 

Sjl^-f Jia Jjk -I 

.liJIjJ (J .IJ l. l l lj^ JiS .IjOJtj 
SjL>.f li>^ J" 4 "^ 

. Li3eJia-m Ln.jj>. ^JjSjLo jijJLJi 7~J^>- ^^ trQJLj 

SJsjU jjoil ^ IJU-3 

*C? i im^jJI jj>.L>JL) ' " i a Ua-Lta I 5jl j. i nil j2 
^ u ttnrii,X\ (jJI JajLa JjJlI jli.1 Jjfc -4 

■ ^ri uij i ii U ^1 (JJSjLo JjJJI ji.1 JL2J ijojlj 

5 u iiiiT(iiit,l (jJI (J^j'- a JJ^^ '- L *-' L -^ "5 

. Ly A J 2 1 luiil (^1 JSjLa jLlJ^I (jj>a JLi-l 

«_a Car Accident Sjl j m II CjjLs. j^-jj! 'mi.i SAM /y_aLJj_i ajlj-" mJj 
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(_gjjl Ambulance i_al <mVI 4j^c jjj! h<h JiLo SjjJlc 3^j^ CjLajjjLLuj/ 

^j-tbj i LiJa-se ■ ■■ (jLS (J-9jLa jj JJI 7"J^ (JW (j-^L^JI ?T^~ ~" "** O"^ "J^L*-" 
i4_Lj_«_a d j j j i .1 CjLJS^Lc 4-aLJsLl i^Ii^iVI (_>-ajJ! ^5 Sjl^>.jjs (j^ (°^ ^J^ 1 ^ 
IjLA (jl i, i I mi 2f ^ idJjjU-oJI 7-jj>.» j «Jj>.L>Jlj < " i rt J La ' a I 3jLu_u» tj\j 4lol> 

d j i nLiu^/1 j-_t-ai_ULj1 r-j-j^Hj-uj pj ^_auj-Ajl (jl LlA 4_oL^J1 JsaLalll jj-°J 
4-Lal i iuJ J-J-*J (jl (j-a VjLi <LfljgjJU CjIjLjjiJI J^^eJ 4_cS3j it, 1 1 n-r'^ ioL*U 
4-«j>.jIL> SAM j^jJij «Js!jJ! ( -5 -3j •(_,! rr-i^/l (j-ajJI ^^ Cj-ijJ Lo CjIjLjjlJI (j-ojj 
aoJLij i4_ilJ /ySeisa-mJI ^JN i"iT1 jjx. J Sj i ■■ rt (—Lvl.} ^Jjllx-i (-J! (,1 i^^l ^j gaJLlI 
^^ajljtlllj i^-L^I Jjl ^JjIuijjI 1 JLA jj_« d Al"->- ^ cLjjt-LxLs Cjljlu Ol i ^~»'" JLu^Hj 

.dilj (^k: ^rllla 4-JiLu-uVLi 

BAOBAB S«Li jd 

L^ "'-'^ " w.'^^ J-.'~^ o "^'J.' J^l w' a BAOBAB 5y-aLij_> jj^Lsj j<u 

J jl -*ll <GLoyL«-a Sj^Ls a jir" i uJj (jJii. (jj/jLJI Jj^iAl! J-LajQ MYCIN 

(jjjj-iKj «LiLsVI (jl (jlslj^l jl^r»JI 4-Uj J^s- Sj-i^sLnil CjL*j2| JLx-a ^^ 

j»J-2-J (jl (jSL«J ji>^ (_P o' ■*! (* ^ U <l ' 1 J *^ '" ' .' Cr^J-''' ^->^<L>- jiJ^ (j-^ 
( _ ? -3 Ij-jiS JL£,I i ii _t lLj 1 *H lj_A <13jj<-a (jlj CjljLs.^! (j-a Ji^'i f-jbj (jr^J 
d " r- 1 U" , ,.l £j_a ~ j A tl (_!_£. ^_auj-Aj1 SjjLS l£^**' i n a ■- ' gaj la -n j^ II 4_lLjx, 

•.4JLUI f L^ib j»LiJI 

. jlj_>J1 ^L_u31 «L»_u3 jj-* t-"LI*J' " 
JoLilll | j-^* i 7ti-LiJa^j ' ala i ~^J^? '^'' J^t£. -^ouj-jJl AjL?eIu_u_a djtisLS-a - 

JS-«i/ (^a BAOBAB £_aLJj_i 4jjlj (^jdl («JL«JJ Uojjii 2-8 JSLi (>uj3 
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J^LlA {j-a 4_uila_LU i—SLt-aj^l jj-° (_P UJJ^JJ ^ » ^ * <— 3L-aj2l (j-* /V^ 
i 1 Ajl la£ j fCJ^tJJ c^ CJ-^J ^JJJJ L^aJl :plojt «0^O jj_« Cj^LaL*_a ^J o i"m CjuLu 
!j_A (j^L«jj .SjLjLfl Cjlj (JJ^J (jj^JI dJJjj i4jjjj_UaJL Cj i uA o^J d 1 J^J 
Cj^LaljtI.1 (_£Ji^-! i la «j /«J I jl ■ -i j j La 1 1 3_«laLLa (j_o 7t_oLj_iJ! (^j^JI J i nl i n"ll 
La -ij^J-J OJ- 5 w S-LaJLt.1 I fl-^ajj I ^^ !j_jjjlJ dJLut (jl IjLi I jl jl i4jjjj_UaJI 

. JjjL-uJI f. 5 La * 1 1 ' a ' -~j 1 ! Sji^jlII (_]! j-ulu 
:*LJaVl jl^lj BAOBAB *-aLj_i <jrj-i jlj^J J^« ^ Iaj£j 

j-j_>JI 7-1 w<*> '.rc-aUj-ill 

1978 j, gi.Mj 25 :J^i.jd! £jjl3 :<. MjUtl 
.4ul ''-Vjl J-<-° (_,ii ulL nil (Jiol (jiaJj-L! *.(jl i"' ifl^ '.7c-aujjJ! 

(J^i-jJ! jjjl3 <j_a ^Ljiu/I) 

26j 4-UjJiJI JiigJt (JJJ ^1 "•' ■ r J J t-» T 1 

•.(ji r.o^'^ '.r^aLij^I! 
LoLc 26 (jiajj-t! j-«-c 

(4_Lula (_paljjsl (JLjIo-l {j£ JJp (jl (lA^f ^ J ' " *?"') 

j_ii. jls i ^.Ull jjV i_i_LiLaJ! Baobab *-LaLL) ^(jiajjJi,! <j-ai>. :rc-oLJj-Jt 

((jiajjj.! (J . l i-V (_yiaJLJ (jl (jjj (_j ii U i U I fT I r^l^J I 



"PLANS" WuJl 

(j-O J^l Jl I JL3>lj sLajLvaJ! CjIjJLIJI ( _ ;r 3 ol_LOJ^3J (_£ jjl JjJbtll! AjJx-~ I nj 

al »ull 3j^c ^^ «! Jjl!! (JjLliI ' a caj 4j>JLla JLuti ?4_uj/LLiI! CjLtjjjl ij i nil 

90 



£yA d_il VI - (( jLLaJLIl » ^jjl_Lu_uj " p * La U o ajjl_Lu_u (__]' pjj>»jj1 aHj jLLaJLlLi 
^j-a d_i t t ^ S i CJ Lu_o Lei, 1 3*_ujj>. /jJaJu Cj LAojj Llllu >_iflaJ «u Lsej-m 1 tc-lIs I flJ 1 

.^-jjl M I rilt (J-lS_U AJ g n I, I <Ji»1-} L^-C-^3 tlA-^f * ^J"^ C '-^-9 A5^J (J 3* "**»>' 

:,J\^\ JlfUl }Ha ii. 

. ..i_ajJL£<J! 4lajtLi 4i>.j|j LgjjLXjjj/ (jjJI 4-o~!j^>JI sLlLulII (jl (j_j*- f-^-" 

«... (JojLlQJI (JjJ-S j LgajE-iJ «L>.^jj . . . aLujj jQJtJl t_£jl_L& 1 i i n~w 
jV « «L_j^>. 1 j-j>. cL-lLjju)) j-&L>. ^jji m < u i_£JLlA (J3^-s (jl /J^**l^>lU J-;^ (j-* 
i_ajS» 3_aLc <LLaJ. J^>-JJ (jl liJ-*" (J-»J-xJU (j-a (j^-Jj ' liJ-** l-iJJLSfc-o (J5^? lillj 
j«j(J! ,j-a <_p=>3 Cr^ Jj i^-kJI 4_ul£La! (j-Ij J J '" ' "' (jl <j^-«f cH^'j '«(JLU J-0-?"- 1 
4JjjjJJ (<iJ3j ifljjLA ^1 4j>-L>JI ^LjJLjj iaLlLjj 
£ya |_}jLc ( ^ . *-»" ^.HJlj ' d la >■ ! I a j j d rt tiJuLi «Lc^_aj?e_a O-aJc?-" t ul Jl9j 
(j_a 1_}Jl£. uLu _}j1j-o* JJL>. Jl9j . I aj i ■■ _}JL^_a l_5JLA (j-uLseoJ (J_ajtJl Jj>k 
-1 j '■»!■ I al j ■ ■■ a_i J S, i"i j 4_lj!^)J! diLu.oJe uJI dJ^L-u (oSLjo (_^jJI JlcIjJLJ! 
J) I * **m L<i_i£ 4_t-£sL>.j Afl ^ a U I JL^J (_£jj>.| CjLaJLa-" t ul ( _paj-»_ij -n gj iLflj < -^"j 

d J **' rt J J r (J a >.J CjIjLoC -n j a * (-S LLaIa3» a Jl?-" i u \ > in ill (jjrejj 

w ' " ' - ^12 *"- ! J-i9J ' a '^J (j-° ij-^l-ll (jJ^J' (J^ 1 ' Cr'i J • Lia&Ixm 

.PAM: (Plan Applier Mechanism) 4^LJj-J 
.4jijL>. i^jLo O-ili 

JljJl>>j (_j-3 JJ^ (j-« <■_ i < l~i La jJlSj zl 4_uL\I! 4\ tj-r\] ^jlxjz (_gl tiJLLa (j-"jJ 
4JLi lLULJu (j^Lc JJSj .^jVI 4Lij>J! (j-a «La.l*i~ii ul (jSLx-i (_gJJI (_L«j«J! 3JaJ. 
^^1 ;U,^VI s l^jJ! Ji.JLa JjLlU LtJiJ OJLa« t_J 2LjJ LlJ 1 4±*jJI cJjuI^I ^1 

. ! jl>. « ! jLi dili I jul» 

PAM /J-olJjJ L^IjLu 2 '^a (^Jj Li^lSj 
(jl (_)-><J.' t_o-L»^5 j_al i^La^s (jioj L-uJ i ii a JjLu • -ijJLl (^1 (j^>- 7rLi>.! 

.(j^j>- (_L^-jj jjii!! (_L-»Jl! i_o~L^5 al Lac 1 . jiiiJl 4JjLu 

( _ ;r L L*;iij 2 ,^^tl o j_& J^s. SJlx^l ^Ir t_4jj*j jl PAM ^-aLijj pi taj i ulj 

•.dUjJ Jlla 
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4~A?kiJt oulJi 



^UKxoUl .ISiJI 



^iAaJ.1 Jl Jy-oJl 





<LUj« OUL) 



^ 



**>-j>y hjj 




Ol »L»M 




i^VJHJ 



13 




BAOBAB jvUju jajjUJ ^1 J*~Ji 2-8 j£i 
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SL-uJ i na oy>. JL>.| I JU. : AjLa-" i nil 

S(J5J>J .ijJLcJI JjJ.1 i_o.Lus (jla^l I iU :^JJr"..iU 

Sq^jj. 1 «j '^"'1 ! iU :Ajir"ii.iU 

x—s-ao i_i_LS» 4-ta-Je-J *G-3jjla jj-a 3JL>JI aJJb ( _ ;r 3 PAM CjIjJLS ( _ t jLjj 
^_A LoS d S-iA3eItJ Jjj-k Sjlc jj ■ gaj ^^S-4-J iJUl f-s^* <— 3J-A -i^>*J X-«t3 (((jl-li 

. 3-8 ^JS mi <J& 7r <^> a_a 



JUU S>lJ-l 



(J*) Jj- 



-•>L_U i>lj-l 



1 &l 



•>U* J£ 



J>*sW 




J*p dj Jj 



-•>L« tl 



>- 



£*>Lo <U jj 



PAM gA\jj. J J** &* 3 - 8 j£a 

J i"i"t (jl (jA_4J lix-O. « ((J^t-o) ( -5 i^. jia-mJK( ( _ ;r A ,3j-^' flJ-A (_£JL>.lj 
/_Lc ala ' ■■ * /^i La-1 1 <ia (J^^-i (jl £J-U ^^-^J * Llgaj] t_£ja_LiJl «(J^s_«» 4_l^JLa 

w J " J~" rt w J ' " ° 9jJ' '" ' " w OJJ ->- * 1 ^ tlj , ,.tl d iLj-j JLqUjlJj 



9$ 



^UKxoUl .ISiJI 



. {j\£^ij i ii U ' 1 1 Li ' a se -"-J (j-\_3j L_uJ 1 '"« Li ' ga.se ■"■ ""« Lj ' aic mil (j_a cj^-^j- 1 ^ ' *"*" 
(JjJl_jj—i aJa-uiJl I (jj_a_iLcuL9 4X_3ljjJl (j_a -SJ^*-i -n j * rt (JS cHiLflj L^aj j i ■■ ^"j 
L>' OJ^iH * (*4* OjP*Jj^mX\ Lai i^a^jic (j >i j S_t (jl (jjj JUI (^Ic Jjj^>JI 
' d J"^ J umSCuI 4-Iai inn roLa-Lll 0JLA j-uiluj . I JlSLAj . . .^!il_i I aj 1 Lgaj 



Limitations of Scripts $■) jLmJ I d ji« j< 

ifljjl-a (j-a *'j^' (JSLui (^ I J '"* J-J^. JL9 CjL&jjjI m i ntl (j-aJLJ (j2 Ijiaj 
JJ-C <j1_> 4Sj" i"i a 4_L3jj>-a jlj-a jl CjLJLaX. j!jlC,I ' ■ •« ■ ^— Tl ( ^j_a 4JLa 4-Ja^J 
( _ ;r ^j_^JI sLlJ! (j-a Lcjj CjL&ajjl m i nil OJL^J (j^-J («J I Jl CjL&ajjl m i nil (j-a 
(J_j_j_*_u iy^£- " [< * k U » ^Jjl m i ii^ . aa U l Li Jj-^' Lua-L^a 3eJ L$_La JS (jli-a-l <-^ T p* 
^^ JiVI)) ^-jjl i jiii (jJs tllj "i i""i (_^<Jlj ((aLtlaJ I 4j^-j» Uj^>- (_£_a^e-J JLlU 
jOJtlaJkl ( _ ;r 3 «»-3jJI (ja-ljJI (_^l3j» JjJI mi 'i («-«-*-> (jl < ■ itir^ll (j-a (jSJj i«J|J_lU 
(ja_ij»J1 ^j a Qj » ^Lc uiia_a ^—Jl aJ^UI (j_a j^kl CaJc da ^^till 4^fcjj-*Iu (jV 
t-Ij^j. ^-jjl i j i ii (jJs Jj_j (jl (j^Laj (_gjJ!j d % i i ii II 4_aJ_>JI i. u i in ««_3J_JI 

4jJLjJ! ^ uaJLlI lLLLJu j^>-jlj (j-aJLj 
(j^j .(_i£.jl VjS Ijjl ja^till ^jl fr j U" /oJ (_yi>-jj (j^ (^j'C i"ill (<u!j C^c^ 
( _ ;r bLi (^ji jj dl!j» ".^ (JLa (JjjjiLuI t^JooJ dll j (j^ jSLiI/l O-cS LaJU^, ^jj 
iJluL^J "'^>- I J J "" a (_gj « i"i (_>-a^l (jl ^llJjl i IjiLsoV SjLjj ( _ ;r 3 OJS LaJLt^, 
^J lj .^» aj (jl 't— 3 lj « j IoJi i ■■_' j«Jj -LSLjj_al_l C^aJ! dllj ( _ ;r 3 sLusjll ( _ ;r A 
( _ ;J _3 5-Sj" i"iU <LLaAlJ I (_ ;r JtLa ij_& Lut 7-j|jJai! JljjjJIj .«CjJjI Lai ^jjuZi 
(Ja ' aa >i ! I aJl^,j L_3oJL-a j-;tC ^(j-*-" ' ' ' *3 Q d i i ii" L^_ll jJLu Jtj^^aJLI (j-lJLA 
3_al_tJI JoLSiJt JLjJLr>o 3K mi! Luj^jso La^-La (^LlII «j^>JI JjLujj .««LlLc 

. 4-dJHsfcjq Cj 1_Aojj 1 m i n (_3 



Memory Organization Packets (Mops) 

4-j-LaX -jjjI ij i ntl (jl_Ju L^JLJu -Mops ijS\jJ\ < j la '" CjLcj^j*ji (j£Laj 



9fl 






^j^S" (jt i(3^>> /j I c (j&S-J ^jt 4_i£,jJL£ 4_aL*Jl 4_uL_uJ2l ^j^ jl ' aj>Jl ^J-lL^-i 
-4_aL«JI (j^aSI naa>JI OJLA J"'" J ' "^"j .CjLcjLlII (j-a 'j"^^ ^Jj - ^' J' ' I '»*'" 

: Lut (jl-'J-*-* U^*-°LJ>J (jr^ 3-3j-*-M (Jjiuill Mop sLajjJa O-aJiir-" i »l JL3J 

.slj-aV! *_a!jjJ JjulI! qj* jjls (^lc- t«-^ (JM-*^ c^l l -^ J -& i£^-" Bops 
3 lil'^e-a olj^a Jilx-i Cyrus ^Hil * aU^jJIj JjN Utl ,-,VI^ w ' a .j-^j" iMI 

\-£JLj '— j (^JJl dji<ij-aJI sLxj^s jLQi.2 Cyrus (JjjJj-jLj/ ;y_oLJj_i jiiom JLSj 

(14) 
Jj^s- Bartlett o_<_l3jL> ^j^j "~* 3*11 't-^-J (j I r j ^.. A ; tl »| qlr ^ ^jlc 

,-i\l j,^.A",tl «_l«j>. «LLa£.l ^1 Uj La i eaJ 4JI ^^ I J^S ;y-aLJj_i *l_Li 3JjLa^ d j o itl 

CjLlUx. ( _ ;r 3 ^ * i i aj a L#j! ) aux ) (jjJI djIStll CjLlUjiU (jjj^aJiJ! (JjtIt-'II (^JJj 

.CjLiLjjlII 0j-$J 4_U_u^2_u1 ^j n I ||21 (j-° (j-'JlSLLa tl)^- 1 « L-*^-^ pL>.jHj-u2fl 

: 4 ii I" -e-a ^J-* 3 iiMj ( -5 -3 7 p I j L T (^H^' lSj|J-3"2(l < la '~j 

hierarchically Lysj-A - 
SjJL^tA (_yaSI '^--t ^j^.1 CjLS^icj Ajj^sjjlj g| j 1 1 1 nil CjLS^MjiJLi - 

.(jjijL^AJI (j1_i CjlJa^M-K-JI 4Ja i ulaj - 

aIjju! ^Jl I960 -1950 3jS->. ^ a_J^I 4^>.j^J! ^aljj^-L^Ji j»jlc j^>-jj 

i>J_A '"'j ' ^"al Jl^£ . 4_aj>.jIUl jj-LAgelLj d o o t * \\ ^-alj-jl ^—3 « -n j d ! I » t ljL>. 

(_gl L^_i (Jjl—Llj (_j-J-II ^ S Jj-taJI (jjtili 4iill CjLaiSLi t_4^.^ill! (-5 i^. /j-olj-il! 
(JjLijj J-i^sl^lJ! 3lj| (j-A 4JLL1I (jl 4_2_i_i>. jl j~f VI (^ JL>.G (oJj 'jj^J 

■ j uuJI (>U jK^Vl 
^_g_Lll (_5-fl-3 :4_JV! «L«j>.jIiI! 4j>JL«Ji (jLjljjj (jLa^la 1 £]l 'j a (^3^' L*l 
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(j^_4-i i4_L»j>. (JSLI t_i!j^,l ij^t-LM ^1 Jj^l oL>>jV! ( _ ;r a (_>-aJJ! J^tjj JjVI 

U I r lj-J-5-^ JUiUkj V ^li)! 7c.3IJ.lj . 3_j_L_5_r>o jLcljJS 2 U , „lj ^ 

Li^3 ^LlILij i4l«-><J! (<ujtLai N .u.ajj j-&1 ^M-jiLaj a Jiir" i nj 4_cSLIj c^jSljUj! 

.ja^JL^c.2 r-jL^j Sjlc ( _ ;r Lj Li^ls (_psj » i i .ij ij^lii]! -^ j'l I llLLJu 

Oa_ilj_l!! JjILa-ij jjj! m i nil CjLJlSLal jj^ ^>iS SAM ;y_aL)j_> j <i"i .il JLSj 
iCjLt! 3jLC (^ 3Ai.J_U jJ^jsJI ^Lta ijl\ Jj^sjjJ! j_L->-l (j-a 31 <it-U (_gj£Li!l 
:3_JV! 3_«^.j^j| ^ 3_oJlita jL*j| I JL^Jj i5_ulji,i^lj 3_u-ujjJI ^j-CLilll i^jl JJLj 
,_j^J (j-alaXa I a caj ^1 ^j- J ' '^*M ^JLl ^^ 4ii- jJll 4l«->J! J-lLjo - 1 

I <iK 3_jj_i_L«-l CjK i i"i La JLa-" i a a ii_3J^J! 4i! ( _ ;r 3 T-j-JJ,! j .^'tl JLlIjj -2 

.(^yii-ljJ! (JjfLilI! ( _ ;r 3 SjJLtlLa (jLta Cj! j 4-aJ£ '"' j*^J 

3_aj>.jiL! *_a!j_J! jjja (j 2 J JLC ■ ■ I LajJ i3ii.jj.! 3jtl!l ( -y a 3lri"ii.ia 3_<liJj> 3JlJ 

jj^a ( I -^j) (j Jjj -y" II » j'" ' 1 1 Lali ) L-a-Lu i4_jJLj_LLajl Cjutlll jj_a <j-}Ji£. (J-U 

.CjLuLu ( _ ;r 3 CjLiill 0JLfl> (JjLuj tii-0~ (j CjLii! 5y_aljjJI 

A car hit a :3_ul , u.VI ^Jl 3_JLi]l ajjJL^J,^! 3JUjJ! 3-*>.j3 ^1 jJ^i! 

tree friday evening. 
3_3j,lj_U Sj^LUI a^Lu^/^l S^JSLJI ^1 J^ajiJI (^ I_La 3 uuSjil 3K^U 

t^^ SjJLuj/^I ^ tijVL<to.Vlj « hit » 31a£LI 
aj U pit 3jIjII 31ajJI (_^cLa S^Lc (agent) ,_p2j_>J.! (JjSLj Lajj^. :peger 

j-_j_jJuJ ^l^tx^l^jl 4_uJ1 -i^>«J ^*-a ^jjjaj-aJt-a »^.j mi (-1^. 5a2Jl aJLj-I i u i 4_llj 

«L>-1^_] _ S, ! 5^_aJ1 ^j ea * 1 4J Lo* LulS »^. i iitl ^jiaS-j ^j2 ^J j ' ea flj iJJLLAj 

. 4_u Q] I «u_a_>J I 4_ajvjjj 09^-J )i io^ • ^^paj-^J. I j-jj G 
Juan Le Pego A Maria 3_uL^V! ^1 John hit Mary 
j_Juj V iSljl aI jj-~i i ..I (l^jjjj . Lil i ..'il (_p3j_>J,l (JjSLj q\ J i a aj golpear 
( _ ;r Lc Jjj^ ^^j^ Xi »3ljaM «u J i ajj (_g JJI ^(^yjiJI j-jjLj j-j-i^j Lo-LjJ i LgHlL>. 



:4_jJLl]1 «U_4_>J1 4_sj>.jj O^-J - '^ a *f(j '."'I 4jt_j_Ja 
•.(^Lll^ 4-ul jinVI ^1 John hit the nail with a hammer 
Juan golpeo el clavo con un matrillo. 
^lHjj (JjuiJI (jl (Q-^.j t(_^laj->JJ » uL>. (j-° 4_u ^t -A^^J ^j^j**'^ * * :chocar 

jjSLIj 3JL>J! (^ J-J-«J ,j-a ,_psj^>J,l ^Lkj (ji *JSjjjiJ i \$ i .nil ,_psj_>J,l 3£jj>. 

•.^^ 3JU->J! 4aj>-jjj 3 jiiiLUI 3 nKtl ^jjft chocar (jl jtxisljJ! <j-aj 
El viernes al Anochecer un Auto choco contra un Arbol. 
i a_Li3aJI ^_a ■» j -» ,^. tl j^jL^lj^i ! (J-tAil j-ujill! d'Cj i"i 4-8 (JSLZu Oi-jjj 
I juk J^kLj PROPEL. 3_JVjJ! 3_Jj>U lLjjjJ.1 ^j^LiJI iajljiU ^^U;tl 

:3_Jhj| 3_l1J! ^SUMI , ^,^1 
^^ S ^' ^ ^ J-?** ! PROPEL < = = > L>UL p= > ^J.! 
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t^cttiuAUl pISSJI 




hit y;>l4Ni j*iU iUwwJi VV-V 1 ""M 1 y-^ ^j^ 1 V> J=tf fla*sJ 4-8 JSU 
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(<JL«J!j JV J " i u^U i^j-aj *LtaJ j>u j-LiLu 3-aLa! 

Cr^l '— U-23J '- . ' ' * -*" ^ ' " T* (JtH- 4 - 1 (l>^- <> -'•' <j-*^ 
Cj I n K 1 1 j <_3j(_)_>JI £yz *-jLTu (_gl ij^yJ* Lo .«(j-uJjL> 

(Jlj i .I II jy_oLJj_i * j'^" ' ■■_' (jJ 3-JLxJI ajjt iJ ^ o^3 

-i j a (_, Ir Jx.1 imj La j-jLjII! IJLA (ji Ji^jj V 4J^/ 

(j_a J tXaVI J-LiLq-lJIj . J<rill (_LcLa (_;,!£. <_sjjiIJI 

I jj-ula (JLlII ( _ ;r 3 jJaicj (_g jJlj 10JL& j la * II 4^>-J 

t. 1 ftvju : JjtAJ I 

S '.jJlr-lU 

jj-ujju : ' ' ^"i I 
Cr^Ls '.(j-ajJ! 

w I C Jj-J (j^jJI ClLajUtl «L*jLoJ! aJJb J q i"i"j 
^j-S-4-1 l_4_4 j^ lT l S -JI J-flJLj I j *C tj td I -»J1 ^—UL^a 
4jr~i m 1 „_t (jl (jLuJl i^gV o^-*f LS^'j '*^1 JVjGjjiVI 



jjLi_aj| :f'^ji\ Cjjjjj ".(J^LaJ! 

4_bjLa Cjjjjj (Jj-i-o ".^Lii. 5 :jj ir-iU 

«LuJLa :pa_JI ^j-ujju ' J ■ -^ 1 1 

Lx^j^a d a 1,-iLg. :i_3j!j-o 

y I l-\ ^ 1 1 ' i d L-\ . ,. l a \ ..*.,. T * d 1 I , ,. A I I 

BpLUJI 

Sjl j i nil 
J_jV (j£Llj tcL^-jT- (<•> CjL>.Lj_lu_uV| £J_A *_ujj>. (jo^J (jl ^JJLM* 3 L>^HJ 
(_gjjj (jl 4_lj>.I " "n nVl CjLJLjjlI! (jSLa-i (jl Sijjtll (JjfLilI JL^>- jy-aLJj-i (_gV 

. 5y_aLJj_JI (^yi LtjJJ 
(«sJ dJJjlSLa i4l£ /«JL«JLI SjLsJj 4j*-aj_i 4jlI < j i i aj ( _ ;r 3 Jo* I 7toc_y j«-I LaSj 
>LS jJl ;y_alj_> (_^ 3_3jj(J.I (J_Lj_ajJ ( _ ;r J>. Jj-4-l (jS-<Iu p J a i rVt (j-a JL>.| (jSjjjj 
J-jiLa-i ( _ ;r -3 L&j_j-C (j_o J Lta fll 4_3jj<jU (Jji-4-i (JK i"il ^j a « ■ '■» ^_y£ I ila -^ VI 

jVal^VI tijVLv ^ (ij^-l JLCil J_u»IJ La-Lu i^bt-JI 3-<JVjil^V! vZjLJLulII 

3 j i»Lt,l <t3jj<Ji.! :4_3jjtJi,t (j_a (j\£.^j (j-\_i (j'Cji ,i^l£ w -^ i ..la j^u-«j (-ilLufcj 
^L^JJI (_^ lLL! j J-jLbj knowing how 2 j a jl£. II 3_3jj>J.Ij knowing "what" 
3-3jjlA!j declarative knowledge 3 '< 1 ■» U 3_ajj>J,l ,ji_i 3j-^-" w c I ' ^ -^Vl 
3 I j ... LjJLj 3_lL>II 3ijj(II _>!j_a jllajj procedural <> knowledge 4-uljo.V! 
I gj-L«J (jSLIj • L^a I JLitjjj/ 1 sLlojSJ L>.j_<I/ i_J LajJ V L$j| Lai (JjJLkjJIj 3«lj_ill 
3_3jjl1I Lai . I j j i .i \ ^Ljaii LjJSj L-J ta^J 3ijj(J,l (j_a fj-JI 1 J-& 4jJUva (jl 
3-3jjiil .slj-a (jaSjj . ^j^f! ifljjiil i_j^_j£.j Cjlj-tx-a (j n'Cr Ljia cLuljo-il 
(jl ^j j in JL9j .^—auj-jdl LAyuLdJfl I &U£ (J-aJU /^-I' CjLiLj_J1 4_]Li_a_l «t_LLtJJ 

oIJlJJI ,_Lj-L=>o ^ 3_Ljlj^>.Vb 3<UU SJjjjiil oy> j^La^l c^ ^^° *-yb 

^jslj-JI (>uj (3ji«II 4^jj(II Jlaj (^ll!) 4jaiill JLcljill (>u dil jj i<U«axLa]| 
(_^ujJ data structure CjLjLvlII JSLut (jl La£j . JlcIj2JI a'jJt j j La3j j mjj ^ylll 
jjJLIj V j-Aj i5_aj t<ll jjuaj l^j-" 1 o-"-^ t_iLlSLII (jLa i Ljjli 3^jjtil jj* 

^ j Atlj Ssljill ( -5 -l^. SjJLlJI «_a Ji^tjj (jus- VI 4^jj>1I 
^iila^ 3j-^ SjJLJ 4_tLlil SijJlil (JiLut 2jj j . iLflqJl CjI«Ijl>-VI a JLa-" i n~j 
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6..0AA0 



:4_JLJI 3jtJj^! Jj>IaJI ^^-Li r--<_! 4i!l SjLcLaJI aIjlxIxJ <jSUj 

. Jji-m^i LUajl jj^J r I il tjy-jT'^ t_j j I ,jji J^ (jl^ I jl - 1 
. LoL£ tjjSLj l_j j I jj-* J^' cM- ^^-L^ 0*1 * W*^" £ 0^ 1*1 -4 

*J1)1 JL>.V1 1 d ■ aa 1 L^jJo J->«-J (jl ^Jj- 1 Li£^ * ^LufuVI £JUk ' fl-U-Lcallj L^J-^ ^i- 5 

«UL>. ^-Js j-^j i5j'- a 03^?* lH^J (( _9- t - J j'J cr^ ' ^»*»"*"JJ * jlSLt-u-L>. (_JjL3)> (JILo 



tSjLflJtXI i_£t£lj_t1 (j-C 4^Ja j-loaIJI ^^4^. L^jjJloj (J_j!uiItJ1 dJL^la 3^9 (J-uLojj 

Lj_Aj LlI^. u « ^--o Lui-1, 1 j»;j->*-J I j^*^>- BJ i « ' " J * ' ^ 1 1 j-;^>»-J I j^e^>- B (_p-4-J (j I Uj-ScJ 
L-d-d-Je-j (J_i i k> a 9 (J_iIL<j_IlJ 1 7-j_L*aj 4_uLUl 4-Lt^a L>J 1 £j_& ( j-t-u->o 2fj , si/^-cu 

cj Lj_L<i_«J 1 (j^° <-. ■ * '^*i L_4_j1 _^ ^^j-A tjr U1j ,d j-^y ^**' ' ' cjLj-LjjlII cU-aL^ 

^2)^-4-1 V CjIj ti^LjjJI t^j-^9 .4LooCjl_ajJL»_a *:Li_i£. (^S jlj-dJI iiLiejl ^1 j-Laoiaj 
i 1 ui3> * A jj t^a^j a-J-uuj 1 ^-Jl <Uj4a_dl LtjLjj>. - *^ > la 1 2a * Lo 'j-;^ L 1 -^ 1 - 1 iC '^rJ^' ' 
«Lc Lt-Lta p ui-SJ 1 1 J_A ^--5 ^p3j^K-Li-oj . « d 1 j S * a 8 L^_i Li 1 ^^ t^a ) La 1j-j!oj (_Jj 
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1 01 



First Order Logic 






tjLSj .^J-j^la (j-«j-J l)J.; (<tljjj1j ^ d i '-y all «Li fdLAl 
J)1->HI I Jut a\ Jlxjj-uI 7"J^I (j-a (Jjl JJ* (^jlSLa (j^>- 
till jj ic_i!jlj_2JI jUtjIj jVjJu-uVt oLlLx: Jjlcll 
c-jl ma. Vjt ' ^.-^...j . 1958 aLc sLaJ-3 liujcj ^ 

i 3! j I ojLjx.Li propositional calculus LI Jz2l\ 



J^l ,„ U 3_l-JU: (jx. j^jOJ! Lt^ J- 5 ^ Jr^ ^' ^! 

i predicate calculus Jj_«_>J,t i_il m -»■ ^1 o^lj-laV 

j_j_«_j (jl (J-SLxj (_yjJI (J5I i ..git SjjjLc sdilol (j U < 'i j 

.Sj-o.^1 Sjjjj^iJ! 4c.l_u^iJI ( _ ;r a 2 tj j , ... I j'<- 



Propositional calculus LUhftll i 
cjI jLal (j^s Sjjjl>- cjIjLs! jl 53 ■" 1 (oSLjo (^ylll udlij 

2 j i a a (j q i n ") 3_<jj-j|ja SjLal JSL! <jl-«i9 • 3-«jJl3 
3 ■' '^^ I ii» (>ujj! jj-u <j-a SjLs-lj 3-<i-l3 (proposition 



^UKxoUl .ISiJI 

cjLlUsLjJI joJLc j<u-uLj Boolean values «3-<Ja-i r<u^» qIjo mJ ^1 Jill <_i JSLllj 

.( f 1964-1815) J^.^j^.-Ji^lj 
i((3jL^tjJL1 cju 2/^jI jj-ojjj ^Jt> ^jL^tjj)) '.(^r^^lLtll Lft-^i ' *~^ or- HJ-^- 1 '-^La 

0J-A ^—S sLj> j se i<*> ■ la "^ I o ^ * rt 3jL>.lj ^jl Jlj>o i« IS-peJu 4_a_t-aLc JUjJ_a»J 

JojI^jJ! aIjL^L-uLi IjLuLt" jj£l bl ^'<jf j;;''H (jSLajj . (a 1984) "distil! 

•.^Vl J*C uJL i_^£j La "jLc (_ylllj Logical con nective cLuLta-UI 

& jl «j» 

V «ji» 

~ J i « J-;tC » 

( jt < « (J ' ^**'" )) 

^JILa I il L^a-fl jj-^ ^LjjQ '<~> 4-jlJ-J j— i_l*jAj i_kaj1j)jj1 0JLA a! JLst" i ul ^2^-4-iJ 
jl CjLlUsLjj (oJLc jj-ujJ (_gj-cjt» jl (ir'jj-ll ( _ ;r 3 jl Sj-LcajJLl (^i^. Lai i_!jj->J! » 
3jjj-LaJI 3JLLII ojufc (^ inclusive 2 ' -i ■ >■*■ " Lift «jl» (jl , U^V . (("n-LiL (oJLc 
3JLa->J! ^ VjS i4j^ojJI LuLo. (_,-3 exclusive <LoU 'mil Qa£j La LJLc La-Lu 
(_gl CjjLS lil Ljjjj^s 4J3.iLi^5 OJ^ '"t 1 J' '" A J ' '* ** * * a • t T J JJ-"*-" L^ 'LSjLcoJI 

I_cJ i.*i ±j ! Jl (j^-'j iQ^i^^l '^ £juJijV! u5^ 3-1 L>. ^^a j| 4ajL^> ^_i jl I jjjs 

.^jja-Vl 3 JL ^ 3 3-a-L3 (^3 jJaiil LJ 4s>-L>. ^La iLajtlj^vl 3jt ii~> 
lil Laf it_j JSL1I jl j I laJI ^ c-j j I (Jjl in* lil iLSjLi-a i_j = 1 "u-LaJillj 

.3->jLS <Li.Lea.2j I (jj£j (ji ) LaJl *l-a-L3 ( _ ;r 3 Liti.1 
Qo-S-" dJJjlSLa i4J9.iLi^3 «i» CjjLS lil 4JI «i_J <== = l» 4_j_U2_2_l! ( _ ;r ULJj 

i4_^jl_i^3 «(_!» o_iLs I jl 3Ja.}Li^> (jj-^ "v 1 < ~ === l» •— s !j— a w 1 c j i«i_j» 
(j^LIj t 3 iSiAjJI (jic j-o>Vl oLu^l dun jLSj ,3jjL^ «T» oJL^ lil tillj^j 

Lil (jil ijjjijjLi ^yfl OtX ! j!» '.^VL^ JLla .- I La c I J d*Ti^ (jlr (Jjjjilll (jSLaj 
.(((jjijjLi ( _ ;r 3 Lil i." i i ill jl Ljljj^ (_yb Lil Lal» I j a La * a J-iLtj 3-Aj '« Ljuj^ ^^ 
!jl» ' y j 1 '■» i4_^_jJl_cJLi Lajlj ■» <>■" V 4_LLaj_«iJ! ul - ~— » ~~> T 1 Jjjj^ 'l-*^ (jl 
^—ijj . 4J9_}Lt-£3 "J j " cj' L^JoLaJ j-jjl_L>JI tl)Ls tpK**M (jl jJ^a-i-iJl <JUg I laj 1 ■■' 

. 7r jt ir-i (j n'Ctllj SjjLs « l» (jLs I jl LajL^s (JjSLj « l» ^ j ■ a a 

v^s)) c!lL-L rw 4_jJL»_flj d 1 n a "kJI 4-jAla-ll I Ja_il^jjl 4_uLUl 4_a_iL"_!l ^J_>oj 

: 4jjli «ijJ))J i3a^L^5 (j-^ 
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jjIgUI 6->j^JI fiWm 






t_j =1 


\r 


t_j <==! 


lJV] 


dJ 


^j 


o^ 


0*> 


ii] 


^ 


cJ 


J^ 


dJ 


o* 


L>^ 


L^= 


O^ 


o^ 


<^= 


L<j 



1\\ <_l 


1 


o- 3 o^ 5 


0*> 


ii] ii] 


O 3 


1*1 ^ 


ai 


ci] ii] 


ii] 


I ( >i^tl . *l , ,,-*- ' 


L^iZLftj a 



Modus j_Lj_ij_i (jjijjj_o u n i ii U (jj_iL2JI (ji^. LLUaill ujLji> Jlajjljj 
<j! j-i^La i3Jaj>Lu3 P Cj-JL£j P > Q jl£ Ijl 4JI JjJb i^JJIj ponens 

(aA(a^b))^ b 

de Morgan ' s «(jL>-jjjs (_£j> (jHJUS» tjlji uu (jLJ^JLJs Liaj? dJLufc jl L»£ 

.Laws 
~~ | (A AB) =~ | A V~|B 
~~ | (A VB) = I A A Ib 
•.^Lltl^ JVjILuuV! ^ the reductio ab absurdum p-QJl igjj call j_liji_<JIj 

(A >B)-( |B >1a) 

LLLSL^j 4_JLa 4t_i- 1 cjLxjI l_Laj_a (jLS '-*! s L2jjJaJ! ojla jj;^" <j^-«-ij 
I (JJ^-J 5JI_r»JI aJ-tb f-J& 4_j| 7t_Usj_ij i5_jj)LS i_j (jl (_ps!j_l3Li lilt!} jj^--' 
«i_i» (jj£j (jl Jlj^vLS dll j) (ji^.J i4JSJ)Li^5 « i» (jLi (_p3j_aJ! (jA^Lb I Jutj i3jj)l£ 

,4J3J)Li^s 



Predicate Calculus: J$6felt ( 

A j" 3j-_j_lS (J q ^w (j_c % j i ***< ) 1 (_5 I )1 LgaJijI * )1 i n~w a! jL^-**i t ,il Lu SL qJ If 

j-£j-j (jl J)jj LaJ-Lc ^ilu*3 iLiiajl lij^' (lti- i '^ J ck 1 ' w *~ ^ tla uaVI sl^jJI 
4J3J-J (j1-«-J (jl (_5-Lc- (j-JJ-i^ Ui^- 1 O' S- 4 ^ i(oJL«JI (_ya «Lui^l qC (jjjLis. 

>£jj (jlj i (instantiation £j* A j.,^tl JUL^o) l^jtl jnVt (_yl!l L^il i sLui^l 

. ■ U ^ a I ^ * ^ I >>>* ] a I I j *^* ] <c^_<jj?E_a (_J I (_4-uj (j-« (Jj J t eaJLi l_& I jl La 
dJJjj id] 1J J-l Jl Lca-2-ll <— _i 1 i ii -»J J)l jCLal j_&j-(_]a_o->J, I <— _i 1 i n->. LJ 7r a i uJj 
jj nit I : (j Lc^j jj nit I j . quantifier jj mt I j predicate JjjsjJ. I ^^SLa a I jj-" i .. L 
La («_alj existential quantifier (_gj>j^>.jJI jj mtlj universal quantifier ^ Ktt 
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. variable j-jJuJj SjSLdJ «t_4_i j_2j ^_& LiLUaJiJl » 11 1 n~w j^c (Jo_a_>J.l * n i n~w j-;j-4-i 

Jls-I (jJajjj i argument jijSI jl jo- 4J function J!j jl *_jLj jJt Jjju>J,!j 

. ((L JS a-A (j-u» '((_>") *■ 'IS 

(jL^ I jl L)jL£ (jj^Ljj i^^jj-d;^)) (jL^ ! jl LJa.jL^> Ja^irsJU I jut (JjSjj 

. (-j-uaj * )(( jjjj )) 

j\ fj-LMj-l JiLa (si <i i oVl) 4jj_ajJ! CjLfljJlil ji ^jV! i_Sj(j^>J! a! JLa-" i olj 
:Jfla ^Lt3 JJLaJ J I 4J3^Lc i-Sj-tJ (jl J J l^lll (jS-ajj . C^jIj!£ JjjJLa 

(•-3 '£_ <<J-") cr^ 

.«<_S ^1 p ( _ 3 JajLj (jji» IjLA o~"y o' U^*?_9 

ipjj (_gl (j-o <; t-«-J^ f^>"jl cr^ J- 5 ^ 3^3 ijJj-iaJLI Sj£Li! (4J-a-*j xjLlIlj 

: «_iLlIL3 .4jJJlC jl i4jJ_oj jl i4jJaj 

. LuLLajl — ((jjjj)) (j^SJJ LaJUx. « Laj)j» «La_uiJ1 *^>.j-) 
iiiUj w I c >j j 5 II (_^a_«_i 3Lc!j_«-i (j-S>Jj 'f-^^'j (Ji^<i^>Jll /j-oJ (jS-ajj 
fc. rK '.^LlII l_i-U_pJLl « d a i r-i Lc )) f-jLjJI *_a .» «i_i K» (JjjuJ,! Lc*-a.S I jl ^lilai 

Jj_4jJ.!j £jLJ! i-^jjj lim^f !il Lai . LoK (jK Lajj i^jdlj i(u^) s-J^ 

i(* ) jlS) d o toLc ^_A 4_a_uJiJ -ilj-^i /V^-"' UL5^-^ i (*<(j-*j» c_JS) 4 a *^>Lc . ?r i totj 

Quantifiers jl^ai2t 

j^ i qj| q i«....... 3t_»_a_>J)) ^-Juljj t/ylSJI j^oj-oJl '.jl^aj-o^/1 jj-a (jLc^oJ iJjLlA 

. « '^•3i " (jr^ij L$ Jai»-^J I 

".(-JLuL^ LiAla-Lq I j *^ ^ jji i ((^jlo.o* t. ilS JS)) ".(JLLa 

• ((l>") ulw* ^^ (l>") V^) (o- v ) 

.((^•O-) ^iU^u A QO 4^-lj^ < (^ ^Jj) (^3) (^ V) 



1 01 



ijJgLII 6w>jjUI (jh'io 



j (p) 4jJj-S tiJLufc '((_>") jJj O^ (j-° <J^ O' 2LjjliJ| S^LaV! ijrLidj 

.^l^Ui (£) jl 



Rules of inference J2*mii2I Ml^it 

Lutl_L3^c (jj JJU! j_Lujj (jjjjji^a j^jjLS a! jiitlti/Li i(Jj3 (jjs 3ji^>.jjs cj! jLa! 

3-((o") 3) <_>" v 

j^^C Q^JJ ' a rt tlhl^ J .' *"* l£j'- J - u ^ ^- 1*~ J i(( (J JUlujli 1 » 4- jLqJ Jl 0JLA /- ' iMJ 

ju».^lJI 3_i_ajjl^>. CjjjI jlsj .unification jls^ojJ! ^ n m" J^Ls-V! jj^Ia 

theorem tLj^Ja-LJl CjLxjI iiLa_il ^^ La La Ij-jjLj Rohinson oj ' " ' j.'JLp 

.Nilsson (oj "'Ij' 1 j_JLjJLI Jjji.i ^Ir jJaJl) .proving 



, a aj| LaXa (_Lo CjMj t-j o j I: I gla. i_i alk^a 4_}|_<jla I -9 J'C i"i tc-Usjj 

(j-Lc ^jLcq i^>^-a » l j I <^P* O' ' "J'' (-r^- tl^-° 3-^ La^ 4jIJLljI ^-5 4_uj-a 

d I "iS ^1 j Sj ' ■■" V cUt ^—ul^-i 3jj>. * ) j i i JJ3^ cLc^_ua^_a ?■ La_Lu tSj tJaJuLI 

SjLcLoj aIjjJV! *_a it_j (^^L^. I J r - (j^Lc t_i j iSju^aJtXI (-;r L^. *j aj 1 ■■ a r - <^p- 






l^ ^yUl ilUJ.1 1-9 JfcA 
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Qr'l) o^ '•Cr'j' JJ^ 3 

(<r) s ->^ 

'.^LlII ^e_JI ^Ir (i_SJLgJI) 4-uLg-JI fljj lqJI (jjSijJ 
Or 1 ' ct^ '-c^UJ J>^" 

4_j_JLjJ1 JLcljJaJI n_al_Jj-jJ1 w ^ * JJ '^J-^* L* *Lt« J-*-? C^"*"^ <— 3j[^1aJI -iJL^o 

,(f .fXXgBQrE^p s>^ -i 

.,_jjjs.| 5±£ ^1 l^jlr j 2j i n~ V 4JLa Sj^. 3±£ oJl£ I jl (_,<*«< 
.(! .g) <> ^V (!) j^ <^(? .£_) JuJ A (I .g) ^ -2 

.(^Ot^ <^(t l! )t«^ A (^ A (0>v-3 

. (_£jj>.| Jj^ d LQ jl ) Sj I ul c\_t£. /tUL) (_£J-11 (((C-l^Sjl) J I « *_U3_>»J )) L_£LJJJLJ 

(_j-i-JI (Jl a-C VI (j-a 4-LgiL-u JL»J (ji-JLcljill 0Jl£j ljj(j_a-;y_aLjj_jJI (ji^.J 

j £a£. (^liiJI J .^.aii ^a L^j ^ojju (^yill 4_^>-LiJ^L! ?■ j^x-i 4 K uiXI ijjl&j 

<_al J_& ^1 jj_a 4 I 1 11 I 1 .1 (j j 2 --' 5j_aLJj_aJI JjLxj jl ( _ ;r & 4jj*_uIjIL<j/VIj 
(j-C l.S T jjlj i(JjVI ( _ ;r C.j_<i!l sLSJL^ «(l_l 1 1) u\c » ;y_aLJj_JI Ji-Lj . 5_jiLj_iiJI 
jy-aLij-JI JjUc_l3 1 3 (0-^J flJLcl SJI J^x-J^ i(p '(_)-") (jlr )) ^1 (_£-SJj SjLcLJS 
<_2J_$JI » .'--j dJJ j_ij i<_! = p j 1 1 i_i «(jjj» V J j~ 1 11 a SjLcLaJI aJJt jjjl^" 

. ( l (-Jut) JjVl (j^j^JI 
(l)j^. : I iJuk 
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. (t_!l l) £-UJJ>«J 

3-.' " ??- a ~>^ ( A 3^ J ^J^J i<( v) >^» (3^~*° (I)" *■*-** lLuIs (^-LOjtHJj 
(^LjJ! ( _ ;r x.j_flJI <_SJ_$J! » Ltaj lLLIJUj il = «(jjj» Vju i ii a i2 joJSj Sj^cLaJI 

: (2 ■ la) 

^■"K — f 2t J-tTn-u-a '^ 'j^ ' ■■ ) (1 ip) ^-JLc » JjjJL^o J_i_Lo* n_ai_jj-jjl 3t_jiaIu_uJj 
J-4_c JjL^ (l lt) J_*_»l» IJLA ^ U ♦ j j . (i ir-) ^^-Lc.)) u Ur I ^i (J-j-*-u 4jV 
1 J \ it>j 1 1 n n "fc-Q ?r j tr^t «(t)j-j>.)) Jj-^- « I » Q>^ O' ^J-^J 'L^-^J^ Cr^"^* 

* (jVl LtSLa-^ (<-_) i 1) ^*-<^>" » (3^- >lJ T ' ' ""* ? 
: 1jujl>* L^j^ Laj-A ^j i > *ajj tiUjj i3 a^j 

(u_))jj>. ". 3 ( d A 

V (jJLlILlj ii_j (jic Sj S"i i .1 a 3±£ tiJLLa i.~i unl'q iSj^v t_J Cdli I jl (_£!) 
j-lAxII 2 (<iJ9j SjLcLill (j-ulaj (»jJj liJJJLij i(i_j (_ji^. Sj flj i ■■ a I (J3^J (jl <j^-«-i 

^_auj-Ajl (_£JJ (J-^J-J . (* ) i 1) *_aj>.» JjjL-uJI J-aJtJl «L»_u_l Lj-ila t«(' ) i I) JUul» 

J).^"*" I _}jL?e_a-l (j£jj) «*-a^>.» J /j i nN * II (Jjuill (_A (( J_*_ll» (jl cLSjJtl d n t uj 

. 3K Mill (J^ej «(t-i 1 1) *-«^>-» ^yJlliJI (JjtAI! (jLa «(r it_i) (_;,!£.)) 

(jl (j^Laj 4_u2.j_oJ! <_al J_A^U •*•.;"*• t-aJI t_4jj^ll! (jl J^il Ij-A 7t_U3jjj 
«(t_j 1 1) ^ I r » (j-Cj fl-JI ' SJ-gJI (Jj-SLj V \-JJtj .5Jl i uglt pj-<-ul ^L»- (j ta «_' 

2f Lq— Llj 4(_jLL]I (^_j_2_>o (3^ jlj uj^" 3~^~"**' < * i(< (?T i( ) ) Lr^ B L>^ N Sj I ■■ rt 

(jSLaV i4jI J_JI ^ JijiH I JL* (_>ujJ >Ij ' Jj^l j»Lal (JjLc ^1 (jJlil! J*C i'm 
(j! .4_Lc )«^>.lj_lJI (<uj lLLIJ J-«-J ' a a j' c^j-ll "vM ' w ^ ** " ' J ^ '"' l -^ t ^ : ? , - 1 
(jl 2U-w\l /. «_a-heuristic reasoning S^Lajjtil 5jtjJI <j-a pj-J! I J-A aIjljt'ihI 
i 1 *' 3e * (j^-i j-J-a_i-jj>. I L_ajufc JLta '" (3-5 JLJ ^^ ^^^J^' (—31 J_aVI JL>. I Jj_jJL=»o 
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jy_ol_Jj_i w *a *_'j • ( _ ;r <i^.l ti^=tj (j^-JJ '(Jl^ l£j"' i n a Cjlj JlcIjJs ojuijj search 
Ijlj*. 3Jl-l>. jjLii Earl Sacerdoti ^jjj^L-u JJj V NOAH 4_kjJ! JLjJjj 

4J1 i nil JLa-gLaai i Tu u 2[1 d *^ Jail Cjl j ^Jji i nil jj_o j-jlo (2>^ Jrh 1 "*"*^ C^^-3 

OJLA (j-a j-uSj jjS I «lj5lj 5li i uVI 4-t-LjiaJI CjI j (jL^uV! I J J a. IjJ (jH-JI (JSI i.nll 

^1 Jj^jjJ! (jSL«j Vj i4fooL>. (J5^ij JL3 (Jj iSjSjjs j_i£. CjLjLu (Jjl-u <— J tajj 
J-SJ_) i^—jj—i-a (_paj»3 f-^J lP - * <5jJL*_« «Ljj 2f jCj_ul CjLlLjjlj aLloJu 2f! ^>* 
i— al uij&l CjI JL&Qjl (j-a j-uSLI! «Ij^>-J *-o 'J^"l CiL.ajUaCij.3ljj LaiS LlxjjJu 
J^jaJtX I <_S^litJ (_Jjj>. I d j n i iij Cj Lc I j i r-i j-j^Iaj (<u I J-^Jj • I JlSL&j . . . .- I Laj-Vl 
«_U3j^ ^Ltuj^U 4_p!jj2! CjLlLulI! Aju Ja *-i^3J (jlSLo2 ^j^l 4j>.jjJ! (j-o 

Jlj n.t VHo (>J>^ (_3-ta£.| JL9j SIR £-oLJj-i ^ LS CjLJl_t_Jl JLclj^ 

1 q ^-ub$ ^ ' ^Minker & Gallaire j^JLlaj J^\-*- lA^^ ^ tjl uiilmVI 
«L>.^j (8)Levesque dJLcuj^jJ j<CLa1 j^j idiLjLuJI Jx lj^ ^a jU;tl ^1 i4-" ,„1 
(jL^ 1!il_a iS_Lol_^ j-j-c. cjLaj_mi L^_l3 ^j^j tp ^Jl iCjLJLuJI jlcIj^j ^^L^ 

Cj LaaJju, 1 (jl O^J^ -1 /J-°H>J (j-^i ^^"J A (( ^ iSj'-* ^^-9' JJLc (4j» *)\-ua jj 1 9-uJ I 
(j_J JJl jlj-^Vl ^Jl^. l_i L*_ojc_i d-Lal i n lJ aj^_u_u 4«lLoL£ CjLjLuJI SJlcLLi ^^yZLl t 

(3^3 a t<__ulijv 7-jJ (3?^ 4j_u_a di\ Jajtfl QXi uilLLa £)] j^-fl >M ■ g ,■ ■■ 1 1 ^jjLt Tj-i 4j&*uiA (^aaeXtJ (*) 

(j-4 ^^Ij-^Vl i>JLjl J_flj j_A C- -j j La t, Ij -SjLcLiJI (jylc >^^' (jrJj \a%A\ (jr^ j-i-uaVl ,j_a f**^>JI 
(j_o j-Tl^I (Jij jj^*-i ^ 4-JI I j u ■ (j-o ttLLuLa j-cl^ pLul *_a (.^i*! 3 tla-uxa jj^JI 4jJL>JI d Ja-uaJt, I 
cGJliJI d iJa-uaJt, I ^jtj 1 4-La j^-<^=> \ /jr^J^ Sj^ Cr^J^ f-i^jJ (jt jj-^-J V <LJtj tSjL>-ljJI S^J.1 ^& Cr^J^ 
4-l^j-C ftLjjl Nilsson ,jj-mlu ^^ 4J£LdJ,l isJ-^J 4_jJaLLa (-ilLLd^ 3 j j \j ual I JUc L^-al Jliexml tjSL^j 

- ^Ja-q->Jl I i ! LmJ>J 
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■ 71- jt i^< J'C uiJ (Jlj i .ill I jut JiLa ^Ir 3jL>-MJ i(JL>J,l I jjt ,2^c. 
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***** 

declarative 3_lLlI! 3_3jj_U j!j_a ^^a J-^-jj ^ 
Lj_Lj_i i L^aljLJ-'i.il 3-j-oj£ (_ji^. J Jj Lo knowledge 
procedural 3—jJjIj -vVI 3_3j_«_ll jlj_a (_gj * >] 
J_y>- 4j- i<iIj cjLo^Lla ^Ir-J-iLSlI (^-knowledge 

/j-£> «Lj_iLLI1 L«3— Llj it. i ( nl_>j1 ^_alj-j L^-oJl^-**i i uj 

(j^ jlo-^JI jj* procedural repreoentation ^Ijja.'iM 

J< Milt 3 ijt^.ll SjljLAJI ji£jj j<sJ MjjJI cjbSLtl jjjs 

• oUI 

3JLJS jlcIj^ JSLi (^a 3Jito SjLsLi ^mnVl c_^jJ.I 

Jj J I La J SjLlkJI CjLjJS (-J^" d^ '-% " Ji>^ O"^ 
3ji£.lJ3 (jxtaxi («J IJJjSVaI <*JjilII jjjLlU (jjs IjJLc 
J a i"mj . (_£jj>.| SJlcLJS i_jj^>o i«_>L<lUI I JJt ^j^£- 3-J^iJ 
ocano 7r in <n (_gJJI ?y_aLJj_jJI (jt jIj^>-'^I (J-p-aJill 

(jJj .jjti iiVl l_<Sj_U i_3jj(3 (_^<JI JLcljJitlj iCj! oK tl 



JJij (j! (jJiLa-l V 4 '( 1 » U 4_3jj<jU 3j)La (jl < U -. \l j £j] , U * j 1 1 ^£jL2j! Cjjjjj 
(jt (jj\_a_i 21 dJJjuj 4cLjj-u_a^3 CjU1jj>.u /Q_alu (jt c_t^t_i «Li£Jj iL^jljU 4_a_iL9 
«LiLi£ ' ' 1 Lajj j . LaLa_i Lu1jj>»! (j^-i (jl (j^- 4 - 1 cl>^ iC ^-" w' + a ^lxuj-aJI (j^-i 
Cjl j) cLj*_oj-j 4JLI aI Jl?-" t ul 4_uLc 4>jJj 4_tl*_a «L9jJt_a /^Lc (Jy^-*-*- 1 ??- a H>^ 

iCjLa^Ltil (^ j_uSLII f-j-uJI (2>c j_iajil!Li 7r <i i .ijt wideoyntax «> . ."ia» i_ij£jj 

(_!! C)l— a^ Lt-Xl -n la * rt /J j a 1 (jt /^Lc x_aj»jjU _i JU>JL1 c_t_pj-Ul j-a^e-i La_Lu 

. ;y_aLJj_jJ! (j-a iLuljjs-V! «!jj>-VI 

. (j^jjjoa (j-UjSLjj-a 2lj (j-ui-ulj-i-u 21 J)a_tj>Jl *_j_aj>. 
'.^J^fl «L>-jjJ! jj-a Jj U '< 1 1 aI JLa-" i iiL L$J (jijli! (J-lLojJI (jj£_i3 

-<j^aj_J! 3JLI a!jL*IxJ £a ^Li]! J< iSJL (jjSLlS ^'j-^V Sjjir-itl Lai 

: (2) MICRO PLANNER : 

((j-ui * )jJLa)«L3t_u_l) 

(<_>" ' L? 1 -* '>) '*>'>* 

((Co-" ? e^y-*' ^^A* 

aI LljJLa La (jr-iV i"i (jLS I j)l La j_jj_2jJ (jijti! (Jjiuill! AjLa-"i i uj (jl (j£LajJ 
(J-SUjj . LLulj^ul (JjijJ LljJLa (JjSLj V (^jJI ^jijJI (jl oLjV di!j£j iV 
ii_ijJLa (((jjj)) La lj>jJ3 (jl CjLu 2 itLxaj£Lll 0JL$J (^Ij^*. ^1 (J-lL«jJI Ajlir" i nj (jl 

a*>j I JiLa i^^lu'j-"! ^ c^jiil idJJj) ^ c^&j*j ! J>Le iu;j-c>- 4Jl Vjt o^iil 

i_xj_SjJi J_LaiJj ij^SLjjjs! 4Jf C^jjI CiliVq I ilj i(jLtj_J! jjfc I JL$3 idilj) (^3 

. <L,aL>. 3jn frl cjWj'hiiVIj termo j>jjl>J! 

(JjL>- jU JJ3j iJjiLajJI |jK i"il d j i i nill ujjjjlIIj Cjljja nil (jV! (jlajJUJ 

■ d)l m»j i nil 4jIJlJ (^ ljut (_J_JJ>- J-J-i 

&jf*il faljftlf J^tfll tail JMM 

^_alj-j 3^1j-3 jj_a j-_j_lS_j /J J i ■■* CjL 11 j ill _}1^_a 3^1j-i3 :3^1j-^Jl d Jfl J i ■■ 
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tPlj^UI JjiU-JI 

L^LiLl^ aJ-L V olj_JLLa SjLc i^jjo (jill 5Lu>JL3 .4JjjJ.lj jbcjVI 
Jjj-Laj CjIj-a 3jLc L^-oI Jl?-**u nl (j£L4-ij t dajifl 3jl>.1j 3j-« l^3-*-" ^ «'*U *JJ L^aJu 
4_uljj>. VI 3 j |fl ' ga 1 1 (jS-1 '^-^t^-*' ??-JLj-^Ll Libj d At"-» rt Cji i < uLLd ^-3 d An-»- rt 
(JVjGjj/V! 4jvjj j2 i L^-oJlJ>-" i ii_i ;y_aljj_l Ji (^^ jj£j (jl <~r^i 4£jJtX\ ^j u-All 
*j i j i a 1 1 j^t-g l u 1 J-^JJ .jj>*2 ^-auj-i ^j-a ' ajliej JL9 CjIj-jjlLLI (-l^. N J .; J 

S-sLUal (j^L^-i \-$£ ijJjjuLLl! ( _ ;r i J j ml 4_iLlL! 4-u_lJ! .JjJijiIIJ! 2tj ^ . ■■ 

t\S jJI 5y_alj_i jj-laj ^^ sLi^Li. A jn itl I J-gJj -J-^' ^ Ij 3 ' ".' ">JjJ^>- CjLajl«-a 
, (j . ..<* «_i_uLjJl (LLtaAll jJiul) 4£jl < <i ^ya cU_oAj ^-auj-Jl (J Jjlj 

4«dlj»iSI j£tfll tail JNM 

c-jj ^-.Aj-fiLbjJL^il ((^-jLul (^QJ ' 'ill )) _}1j_« ^j^* > jjx. V"^ '.^j-atll £>JJ La 

i_4jj_a» SJa^LtJLa :4_ij!jj>.^i! jj i.qJ| ( _ ;r a j^SI 2tj ^ , ,. ,-«2'»j .1 1 *!jj Lo» (j_a 
cijLaj I < U (j-a pjJJI ljuk 3Ji«I! jj'-^tl i_lx^1Jj Vj .SuLLiLj/I 31,mI,,i ^ 



.w_aLJj^JI i_ulS (j-AJ (^^ Lij! J dJJj OJ^ 4j1«jiJI 4_o~I_l!I (j-a (jS>Jj i(3^>-2 
?!jj>.| jO_l2j i_3jjj/ ^jj i aJCtJ] «ljj>-V! (jl dJjJU 5T_aLij^i! C-jlS (_glj i L^jL^s 



IS 



(j-« ^ 1 jj>. 1 Ljj 1 _} ud LlA t^J^* 1 5j Luu J 1 Lo g. 1 jj>» Li J_iJj (j i J 4_d_*_a Cj Lo jijt_a 

SjlcUs : S-ljIj^j.V! 4_»_aj_jJI CjLiil !jl^>- LjOj-^J Micro-planner (_p-«j 
(j-c SjLi^. 3j_o.^/!j itheoremo <LjjJaJ <j-<_&!j_>j ^-"^^h 1 u^ ^Jj^- 3-3j-«-*iI 

L«jb j j mi" irjl«!j^>.y! ojl* ^ cjWjlIu/VI £j-*a» jl <_jJI iaL^VLij 

r-LiJV! JLcljJS (lAJJ I j 'J.' (_j ui^nj-ll 3j-^' O^ i3jJL»jij 4^sjIs!j CjLaLjo! ( _ ;r 3 
(j-C J" i nj (jl (jSL«j <j-uklj.il! ojufc (jl ( _ ;r 3 (j-«SLj (j Mif (^LlJI J ir-irttl jJajl) 
JjjjJa ( ^c VI I Jul I j ''".V TT^J^I JLctjJS J i ajj V Ls_Lu ij^s-VI L^la J^ 
c-t-jS^Hil L^ILujLS (__A 4_u_uL_ul 3j-j_o r-LuVI fftla * 4_j_t-aL>JI 0JUk (. la *"j j uiAjq 
(^Jl 5_i^>JL>JI 4-ulj^.VI jaJaill (j£, (jUtlll (jJI I juk (_Jjl jlsj imodularity 

(_J3 /c£L^H]1 cb^jta-a u-aj| 4_uljj>. 2l fft-IaJu I » ) 3^ O^ (j-* tj' "-^ *J^P h ^- > " 

4ja^>. I j j '& (jCL>.Lil! (jja j-JJ^ (_J'j (jj^I'j ' L*j>^J C^' CiLkITmi .iVI JJLC 
-4jt_i_ JJ laJI CjULjjlalUl (_b a la ' 1 1 j-LA a! JL^-**i < ul JLua 



Ifl 
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(2) Hewitt C( 1972), "Deocription and theoretical analyoio (uoing oche-mata) of PLANNER: a language 
for proving theoremo and manipulating modelo in a robot'". Memo Al-TR-258, MIT. 

(3) Winograd T.(1975), Frame repreoentation and the declarative/ procedural controveroy", in 
Re preden ration and underotanding: otudieo in cognitive ocience, Bobrow and Collind (edo), New York, 
Academic. Preoo, pp. 185-210 

t^JUlJVL <ul*j U (jJLUI JliUI 7=-^=jj (4) 
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«ri£U\ Ji«iA\ 1 1 






J oju\ £jja «Lc^_aj?e-« {jja 4_u z Jjl 4\ i ("ill J_j^S-Hj 

jStll JlLaj aLc =L>.^jj arcs, (jjitjjal I j^jj" nodes 

aJ-tb (jl-J CjLJS^LjlJ! jjjjIjJs 2! w La «" L«_Lu (ajjtLio 
»1 rt i n 1—3 4_La_u-u_J1 jJLftJI tyj^juu La 3_}Lcj ./a-u^Lall 
I JljJL«3 jjS 2! J ? » 1 1 Lai 1 1 g-U: J-^*J (j^JI (O-utLail 
Cil S, i i"i I j . .. Ai ( _ ;r Aj ,cl n i u! Sjj|j_UaJLi L$J (j u-il^ 

CjK J Ul II J,ljLJ>-"l ml 3j_SLS I. . I ,! Mj . 3_LCj^ S-J^-i 

(jLLLa^ (^Jl 5-jil m'tVI SlsjjlII J^iU^J SlJVjlII 
((^-j-u^oj /yi^i jijLLaj)) 3jLi£, (J_u_4-i (2A-3->j • Quilian 

•.^LUI 4^11 tj*. 

■ 1 C (J JlIJ « p » a 1 JLscILm Li j 4 1 g-i3 I j L^a£ a_A (j^SLi j 
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^UKxoUl .ISiJI 



wLSmJI (sldAMiL J~*Jt j$M 

jjtj I^ji'i lLUTlsj LkiS J-^J LuLS JjLLaj (i_Ji jjtj) (^yJJJ (jl 4Lij>J! 4JL& Jj-23 
:4-_SLlU ^ylc JjG «a» Cj-o. (jJLlI! JSLAJLi 4LsjJI oJL4> 



J , ^."~j io^Lc.1 « l-Jiia)) j^i Li^ 4JL>-V iaLUsLi Sj^j_UaJ! 5JL>. ^^ (jjJ-«3 (jl 
j_a (_j-j.II 3JjL«JI jl 4^.jjjj>J,Lj individual -ij-iJI «f» 4Ja}L«J! Ja jj" jjil 

i«(j-o cLj-Cj_3 *Lcj^j*_a» I j"t » 'J i«i_S» (__Jjj>.| 4J3^Lc liJLcj&J 1 I JJ** j 1 *--"* 

'.^-3 VIS «(jl^_o* 3-Aj t. ilS ^—j^j)) :4±*j>J1 (__>£■ 
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fc-JUxll CiIWjJI 



« l-^—ja-j)) l_j K(_jaj» 5ju5-«Jl cLjj_Lc jj_£L<a_U ^j-* 4jI l£j'-^' ' *^>->l * jls 



^jLSjI J^j>.^L) JL3j *((/— iaj)) SjJjju f] * ^**'**' I «p » (j_ujJLi 1 g La *j J *«(V>J-*J> jq_i_u 2(1 
(_£ ^LLiLbe_a i«(jl a_t>. j-Aj c-«-\S fl-A ^-joj)) <U-<u>Jl ^-Js «j_&»j « a_A» <jl Ltiajt 
■ i *r,-*- a ( JS- t Tuj La_$_La (jS x_o (J-aLjuj £)] 4_u z JlL_o1 4_j£Ljj L£Lj_a ^2 Jjzj i^-JjuJ 

t 2>5L4_j 1jl£Laj i^LbVI jJL*J1 « L^jjl^lb)) Lo 3jLc a VI 3jJL*U «7-» (^^Ij-i-Jlj 
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, U ■ *". , ,. * ^j\ £>S_4-i iJ^-Aj «p» «L9^L*JI <d La . u | aj ^J 5j *" ^ (j^il 9_>J1 ^j^* 'J 
(jSL!j jjglaJI »l nlr sUj/jJj aLc 4j*^oj «I_l>JI Ll jjLLaJI (jl (^Lll! J*C Mill (j-a 



aI Jjul 3 J i J k> 3. ^1 oLpjVI (_yuSjjJ_Lut (_gjL>-J j^JJ ("h^J '"'*! J^J 

(j^_4-l La («£L>>J JLcljJLJ 4j>.L>JI (^Ij i4_usjj/jJI 4c.Ljj^iJI OJLA ( _ ;r 3 <j1_L2jJI 
«L»_u_i ^LojIj CjL>.1**i f"i t u| ^—11 ^J-i^^tll 3j|aJa3» {jja (JldJ (-r^* (j-ul^9 2u 4J_lL4j 

.^L^JI £y> ai ,„ l ,„ ^LuV 
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6wJUjJI CiKi.fliH 









. LtSL^-a d_Lj_>»Ji 4^e_u3 jLtlo-l (Jjt^t_i l_4-4 4 « <-_)j-<-iu » aL*J1 aj g a \ I 
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«U z^-qj^-a a j j a U ? i '^i 1 JlS-Aj i3jJL*£ a j J -^ U ^j "^ ' ^Lt^ jj^' jj>- i ^JS mi 

• j^Vl ajj Ijl jlSUI i^jJI 

j^^c ^-JLUl j-a- j ( <i aHJ I fd_ujJl j-jUljj . 4_JL?e£ ^j-ojjj ^ *^ ' •*** *u-t-*-i t -^p* (J-^J-^' 
Simmons j-jjgji.i a jja jjsj . aajjJI Jl^Ja <*jL1*j Jj-'il i_JSD! (j^jjs-i) 3Lu>JI 
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OhJUaJI C&ju&dl 



Texonomies <Wlf)JI MlftMMAitJI 

(_J-j-4-> (jl ^j-^-4-i oj-jlaS pj)j-3 L^J 4_j_uj^?tIUlj 4_jjl_i_lLiJ1 aoLlII (j-° Jri-^ 
i^jjjl^^Vl ^Jli-4-J L-^-^JJ i«UljJl ^j-ALill I j^Q JuLaul ^Jli-4-J 5j^s- mi ^l_Lu 4lal uuJ 
.((jj-a v-L^a-I^» jt «(j-* ^^^J-^ <Lc a-qj?e-a )> (_p_o CjLS^Lc 

(_J_aL*jj (_yJ.II CjLlU-kJI 4 La i uljj a Jiir" i n"t (__All ' IjJ L^iJf Ljj-"'' C"^' L ^-^ J-" 1 
a 2I 3jJL«J! (j-a (__,^3ljJ»J! (_J-2-J (__;! iSjIjjJI «Lm CjLjSLuISLuiS iCjKj i"itl *_a 
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^UKxoUl .ISiJI 

.(ZuuLO^Lai. >£Vl L ^o\^l\) LjjLLiI (jJI (2LaL*]l ,_yo\^l\) 
4_uLj-3 «Lc^_aj?e«a »j « jj_a j ' ea *^ » I j -i \ ' dj £jum ^j1 I Cj Ls^LtJ 1 ^ *^" A a 
aI LgJ (jH-11 . i S » H ^j^ j_g| i3_2_j_2_jj| jJL«JI (j-u 4J3^LtJI ,2^c. j_Li»iLJ «(j-a 
4_t-oL>.j » j ' *-« 'I ^j^* I /^j-3 I ' *-« ' aiej j^&l CjLs^Lc CuJij-Ii nl 1 J-$JJ 1 4^"1 i"i a 
jj^sjc) jox. Jia partitioned semantic networks 3lj->J.l 5-JVjJI CjK j uJI ^^ 
. (disjoint Subset Jj^iAlo f-j^) («ij i (direct element-j^L^a 

■ La • "j _' j i -i j j a d j"i i"ia Sj^tiiJIj 4xjj^>- <■" m^"j I JLa3 : (j ' "jtftj Jjj^""' f^ 

j j c) aj-_>JLI i_La_uj-i "-^-^I- 1 «(C^» (j- 4J 5^ 4_La_j_ulaj (j-u_a_}VI «L£,o_aj?e_4-i «G^LxJ» 

. 4j^LjJI JL>.| ojSLj JL3 4JI (j-ujj «p» (J^J^ 1 v— ^Jj - *- 



«(<s-3»j ((j-a 4_<-Cj_3 4x_jjij*j) «i_S» jj1_> (_3^_a_!l ^LlII *u-ujJI 7t-U3jjj 
4_u_uJj-3j 4_jSjj-oI La 4_u J_a UL9^-J tj' (1A- 4 - 1 ^-^ • s ' ^ ** * rt ^^^J-^ «Lc^_aj?e_a) 
5j j i S 4_L)J_a ^j^\" (jl *_Laj La JU>.^_) 2f I j^ U ' ^ ^SJj iC^aJI ^j "" i /^ 

. Jj>.lj ^1 (^ 4-Lusjvj 
id S, i i"i tl SjJs (jjs Ji}^ (jjjI^VI (j_a "LaJLoILU plj-l^l 0JL& aI JlJ>-"i i ill (jl 
«L_L)J_a >."> i ii j I UL5tH tj' U* -1 -*' IJ^-A jj-* ' la ' ***' ' ■■ * (jl /j-auj-jj jjSLa-i LiLIjUj 
(jjiil (j_a aI Jij" i ii al (jl JJ-2j (jl (j-a sy-auj-dl J-L<u La J^JJ V (^A-Ij l< ^^i>°' 
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6-JU.iJI C.K...X.II 

Partitioning semantic networks 4«J2dJI mI&mmI I <W jAii 

JJL^Hj 3jj^?e_a CjL>.1 i u a (—5 43"*-" ^-*-! E -^ L)' (J-*J'3^^'J JLajul jj-* CjLc^u^J, 

jJi£. J/U Ja_)1j)j iJJLlA Q^-s (jl ^^S-4-J L<i£ td)L>.l i nil £JL& ^j-a j^k I Jj\ JL>>lj 
_}JJL>J 3j-sLc ukulj^jJl 0JLA x_u3J>. jl_tli£,l c_t^e_i (2A"^9 ' d ^ ~" rt dL>.L(_u_a /^-3 
. 4 S. i i"i 1 1 4jj_>j ClLa-l i n U i_SjjlJj tLaJlaJtl CiL>.l i nil 
i_£JLlA» 3jLt£. ^J-u^j jj-uSjJLlA £>£■ J4^*LU tfLoi ^-^t-Lua^jJl fC-*-ujJl (^J^-^J 

LlAj .d)L>.l i nil jj-* «L>.L_u_a ^—J! La 3j_>o ^j ga i ••*» sej LoJLt^. ^^jv^Jl j^ i nil 



^jl_a J-SLj jt J_j_l_LI1 (J 9-J * )j-*IIij» «LL3J>> 4_ij^?eIU jj>- i (JL(_a ^—L Li_i£j 
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^UKxoUl .ISiJI 



«N» 5i I SjJLi «D» 5i I SjJI (J, I p i .."'a-^JI . ^ A iVI i aj , uT-(_j all! (Jjj-4-i (j^-4-iJ 
equivalence aIjjt'i.iLi Lai ^< g . v.tl j ^ £ , ^jjVitl ,jSL«-ij fjr ajj[j Jl , ^A'.VIj 

•.^lui (.u-ojji j-^jj us ji (I r V t _ ! )=( t _ ! <= I) 
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OuJU^JI C.K....X.II 



( V x E x ) p (x) < = > (v x) (member (x,X) ==> p (x)) 
(2>SL4j ^ 1*C II jj i nit jjj * -**'*' 3-IjL«-o i_gl (jl (_j-3 3JjL«Jkl ojla Sjja (jj^jj 

. Ajbjuuj 4J_}L*_« ^—Jl I £> i^j" 
(jjj . I * 1 1 iaj a IjLA (j2 cLiSIaJiX I LjLiiiill (jljUaV (_^L>. (_LvL«-i J^J-JJ Vj 
La jjJLi VI ljJij_o-4j 3_LiLa| LLjlac! ,_£ JJI-3.JV jJI CjKjMitl Jjlaj o_«£j 
;y_a!j_jj| OJLA JlLa Jjuijj . LjJjLij t^£. Sj^LS u i i uLsell ;y_olj_> (j-a i-L! LL^fc (JjSLj 

^^j-CjIj-JuII J^LvV (_, < 1 1 ~i Ljjl (_j-">-«-i unification, ^JljO-jj 4-Lajj!^it£ 
^JIJ inll 4-1) 1 2 aj lILJ J_j A^-dJ ij-^J iC^jl^Ib-4_3_i3 £)^ L^J <■"«■»■ u Cj 2f^j?e_a 
(jS_4-> ^jjlj « j JLu_ul * )J-^-i (J- " cP - * tjlj ' "1^ . 4j>.LLLI (J_a_>Jl (j-a <L^fl^Qje^oJ 



4_j_u2J a\ Jl?-**k bU « JLuJjl (J^J * )j-*I*iJ» (JJ-4-1 t^J-II (Qj-ujJlj «QjjiJL« (__£jL3E_l 

(jl diljj i. miLaJI jlxLJjj » jU*. ,„jj i pattern matching Cj^LiSLJuill Si aLvu 



127 



.(jjj^/l 3j>-jjJI (j^s j U M t ( j^. «_<_uLiJt J .^Atl ^^a LaLalati? 

i 1 1 jalua ij-iloLui /JS i"i t «L>.LLa (J3^ ^ ul3 ' " ' ^- J ' J>, | (j' ^J^*- 1 L-* ^J-^-"J 

jU'i" -"'I a • *- jl oLa^Lc: A!jJt^uLi diljj 3*Cj Mill jLjl>-l L^jJI Jj^>jlll 
-i_jIjj2VI (J£_ufc» al o i.i? La Schubert Cjjjjji * jls jlsj . 2 ' -i i ai " CjLiLSLj 
jls Lul i«S J^ ^LaL>JI J-&» JIJjj/ 7r '^jjj i,_P=>jJlII I J^J access skele ton> 
(JIJ_*_uJI *_us^_« (jLlSJJ tcJI . . j-A^_>J1j t(J\ uJl a i(j^U1 jl i**<~wl (_J! j la < ca * 



- LgJLj-J (j_o i Sj j i ■■>■ 4_«_La_!l *Lu ^^ 4_JVjJI CjK j i'iII O-oJLitjj-ul Ji2J 

mineral (j-iLidl <_sLA^Li 5-^UJI oLlSjIILi fO&j ,J JJI PROS PECTOR, 
(j-a 2 -ijl^^ 4j*.jJj 'I A", ,„l ^gjJIj i(j Mir «_il mil (_LuaAJI jJaJl) prospecting 
Jjljjj CjKj i"itl 3jJ9 (jl tc-Usjj (jl (J-La-aJl I JLA ( _ ;r 3 LJjL>. JLSj .4_l1SjJI iJJLA 
J'C j it J S_»_J (ji_j i La i "j (_L>. LajIj (_l!Ll& (jj^ o' ^*i^3 . <ic.L<j^iJI ) ajjj 

jLi/jl (jLs I nK 1 1 J-^>- Lu/j^ia (J£!_i^JI (jLs I nKq ij ...All ^_a|jj_illj cjLjLlJI 
aIjJeIxJ SjLjj (jJI 4jJVjJI cjKjm.H 3-Uj 3^u!jj cjj! jlsj J,%.aj j ,„a1I 

(jLcjj^sjjs Lajtj itLuSLl^JI CjLjLjSLIIj tLUJ^I jLcljJSjj-a 3jJ^O(_Luj»lU! (jjs pljjl 

.(jijJLjJI (j-lL-^-iIiI ^^ I o gjjl '" ) 

3Ja.} jj£l 3jLI_LuaJI oJLA (JajJ u^VjLt^j JL>J,I ^ (jjio-LJ! aL9 JlSj 
3JLl i_iJj-a Ronald Brachman, (jLii.lj-ijJLJjj p-Qla j^j-J ' I 'j'" j^'j 
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&JU^JI C.K...X..II 

<L>.jjJI <j_a [jJa-UI aIjlJ-Ii.iLi jLjS/I (_£J-JI j|j_uLS/J iKlone <Lx_aj_iJI 

i_ijl mTj Fahlman (jLi^JLaj i cjjjjjS/ JLi^Jj ijIjjj/VI L-uLj/Ij ^jVl 

< " ) I a ^ iJaJ d u , ,.lj » cUjl^ILa 4_u^_*_oL>. CjLlLjjlj aLuiU «Ln.jI1bI (_£JJ1 ^LLdl 
. 4-lL«_*JI '"'I aj-ilaallj a I • —"' 1 1 ra-utl t? I, I J^u-4-i i'l i .iLx-ij 4J3 J ^ i ht"I \Ij U Lab 
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^j-OL-a <^ «Ll>.L1JV1 Jl£,1^^J1 4-Cu (<•> O-a Jl^-**i i ul 
idij^Ja ajUii ^^ I "U , ^.Vl ft lS jj| jj gla J_l3 3jjji£. 
^j^ * * c^-5 Post C' ( "3-j-j l$3— *>-Ji 3 * d* A ^3 

2 < 111 j«_Lc (_,-3j Markov, lijijU CjLj_ajjlj_>JI 

(2) 
SjLcl ) C lj *^ '"■ " J -»" i ■■! OtjO. (j'C inaj mi"! 



J-«^>. <L<_Li (_, Ir i_aj-»lil rewriting rules 3-jLSLII 

. ^nUH ^Ulil 

, (J ^ <- -< ^ aj ^-->- 1 j \j j) ^jt, 3_j^.LlJ'^l SjLcLaJlj 
(j-fl-i^l t_uL»J! (jjjLLaj i LrS^a I * j a. I J LaiS 4JI ( _ ;r u>ji : i 

(j-oAj ^j_a j-*_u_]2l t uL>J1 J_Ld_UJ \'l <l°» iSjlcLajl jj_a 

i La jlj-S jUejL JLloJjJI QaSLj La LJLcj . SJlcLUI 
JjJI Jl^a-J V jl .dJJjiT La-5b J-aVl (j^ijj ,j£LIj 
. (J-aJtJl fjS mi 0j\ ' d Qj 1 1 ^JN mi /^-Lc (3 1 i n a 
w I C J-aJLt-j i_£JJ! w_aLlj_jJLI Qa-SLj La SjLcj 

'.oLjSLa 3j>1j 4-l»-LuVI JLclj2JI 
JLcIjJlJ! <tc.jjjj*_a (j_a 4JjSLU JlcIjJlJ! 3JlC.L9 - 1 

.4_^.Lv>)M 

IciUi J lie 
<^lu!> <gLa.ua> <Slj>!> - ?■> :<4_pa-<-uVI cLcj^j>J.!> 



SI 



^UKj^UI pISSJI 



(J_<uIIi3 <jl (2)^-4-1 L<ij 1AL3ILA2I (JL^t_4_i d_La_uj-a 4_3j)j-*_a J) " ^^ L?~^ l5 h 9-^ >lJ 

* C-<-(-u uJ, 1 (J_<jjlJ1 IjLuj iC_<_uj3 j^Ljj - J) ■ LaJ 

(JAjuj L<j_Lu i«_ouj-jjl ^—3 ^ Lo-LgaJ,' «L<j_j1jJ1 <L3j-*_U LlA « ( j3_iUL>JL])> ^--Lt-Li-uj 



r 




| _ / " il-j ...All 5y_al_jj^l! 4_JT j^c 5_i^.LlJ^I jlcIj^J! J -^'a Sj£La (j£3 j«J 

j-u£ iJSi 4_JL«JI Lr i, 3_uljj>.VI 3 <i mil OJl£ jJiS . 4.&U-4 4jj-jJ '-~M ^yJI 
j j ... A" ( jjj_La_> 3_3jj<J,I 3ji£.LJ3 Uh^." C^p- i4_jj>-LlJ2! JLcljJiJ! 5y_alj_i (j-o 
J 1 C Jjj La J JLcljJLJI I j j'< J . ^."." iy_a!j_l Ji^-JJ (jVI ( _ ;r i>.j . 4ijjtl! OJL& 
^_i ^_ual qJl /] ■ ^^11 MS m ij . I J - -.^ ) CjL>.1**( f"i t iiYL /J < ajj Li£ CjL>.1**i u i u 2(1 
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~[S jjl p J ffrLo-a _ 1 c Jj-j-a-C j—j_jLj 4J i-j se j * rt LajJLj j i hAJ la JX-ljJLJI 

. (jVI (_yi>- CJjals cj-^' <^=g )-ll CjIjjI (j^J w *~ I ila -^ VI 

(.-lini-sj I ilClal , „~l j~<tj,U ,„_.? S^Lu^l JLcljill 4£l n^OuL^ UKj 

Q ^ J ' ^ ~""j f^ri-* 1 -*^ (j-° ^-^ -^llX"tV| jft£,ju cit_o* tpUlll /^l^. x-ouj-oJl SjJLS 

jjji Jj>u (jl (jSUj Jaj-uulll (^3 4JajJll icL^aJI (jl VI .S^Lu^l JLclj2JI 

. 3_3jj>_LI CjVLx_o (j_o (jl-*- ij'-^?- O"^ ^ - * ' O^ -4 - 1 C*"^' CjLjLj-lJ! 4_j£.jj 

L<tS 1 j 1 ■■ a 1 1 j JLcljJsJI 4_C.I_j_i^5 (j-u '-*** I Cr^ c^^-"- (3^'j-^ lilui jjjijJj 

,4jJVjJI CjKjmiII 3U,„Ij_, 5L3jjJ,| J-lUj Jja. Jj^ (jjj Ijj^i 

•■Jao-LaJI Jliil I JLA ^1 jJiUj 

: jlc l^2J I SjicLa 

3Jl^.LJs) I U 3 (ja^-J (j-u (jjl '**-*? <J-"J 'o'j-^ 5 " <_>" O^ '•*! "• I-3jlcLS 

. (r U ^'a 3ju>.|j 

(jl a_o* (j nN nQ. : I -4JLjJL>. 

£^_a_i (j n\l^ : 2-4_jJLjJL>. 

: Jl£,I^-jJIj jjjl fljeU j uiAXi 7r 1 n ^ Jju (^jLj_>jI SjlcLs 

£o_4_i (j-uS-Lt^ : 2-4JLjJL>. 

. (jjiSLLia-jjjj « (_>" »j j *~"» " (j "^Ij"^ J-^^W l"Sjx.LS 
Sj^cLjs J£ (jl jLcljill t;r l£. SjiaIkII 4j*^sj^JI (^ 3ji.iL^/^I ^jLlU (j-o 

d laJJaJL I Ja^ mi tl *_j_<jj>. /^i^. ^^H^t_) 43jjtX1 _}o_L) (j_a >l 3j ' ■■ q I JLu (Jli-4-i 
(_gl (_j_3 =LjJ| Jlj>.^j V sLJI i_dJ j (_j-l^ <— <J^JJ d J*J ^^tP- 1 (Jj'j • * ^ ''j; 

■ (j .' ^**~ (j' 0-° '<?* '" ' L' 3 w 5>^' (3^»^ (j' (jSLxj-L^aAj 3ji^.L2JI (_jjjj/-jj>. I (jlSLa 

JS (jl (j_L<-^j ijjjuti! (_Jjj>.| (j£, Ju 1 11") (jl 3j^.LiI (jSLxj V cLJ| cLa-uj (jJuj 
(_Jjjji . t^lj^lt 3 , umILi CjJLaj La i-3jjlj Vj i(5jj>.^l JLcljilL 3jLaL>. 3jLcL9 

. \j~ 1 iiSjj^iI jljLs jjJj (*j-3j (_gJJI j 1 ilAJ I 
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(JI-IJljJJ 4_o*u (j_o-(j£L4-ij t(j\jua c_t_ujHj ju^jj 2f 4_o*Lu2l J^loJiJlj 

(j-c 3_3jj<_o (_gl oj- 5 c " a * ' " '.' ^-*-° f-* J ? ,J ^1 '4-L**J l5' or 3 L^-*- i£> ' '-" »Si '" 

d U , ,.lj * j j ^ " ^ a £La_jJL>J1 (_3 L^-al Jl^-**i < nl c_t-ujj Lai . L^-al JL^-"i < ul 4uloj& 
~^_>JI ^^ I j * c .">\t j_ua_Aj ^j^* I aJLoj l_3^j_u 4_Ll*_a j-jjL*_I. L5-ua j mAJLl 

(^j i5-jje-ulj"i J (_gl UjU i-dLufc (jjSLj V jlsj . - < I . v.a I r. 1 1 ^^ ^. ^Lll! 

. 4j Oljj£ (_£J-Jt C-iJJ^lILl JLcljJLJI a JLJr" i n" 3JL>J! ajjt 

(3jj£JLa Cj! JL>.J «LLui (jr^) S^ri^J-^ \) J .'^ ' ' d . . 'j-^- 1 - C^ L«i JjiuuJI 

(jl (jj-i ' JJ *a "' -' o' lj-^"-*? i-dJjuj i5y_aLij_iJ! JjJiJU Jjj 1 nil (jjs 7r j i ^-i_i 4JL3 
Vj ■ ' c lj S II JjJULi j? <_SJL>. jl 4a I 1 >i Li ;y_alJj_A! ^Kj^jtl i_ij£_pJI jLgJj 

-stajl I K iaLc 4j*.^jj .5_^L>JI olj_uLlII ju^ cjLULlo.1 jUcjV rLL=j 

I j x 51 " ' OcjLS I 1 iS-» j La 1 1 J Lglse-La (j^slj^al x_a-w_aLij_JLi JLcljill JJLC 
( _ ;r lJI 3Jl_i^>.jJI (_,-* M—ljvLLi^I JlcIjJLJI SJlcLs 4_i5t^la 1." 1 1 njt » . Utl 1 j 

^^ I j a . ^. '. (^jLllj-SjiSLi^JI «LuiVl jl djIiLSJLa n.M^pll 3-uLCal w ^»" 

<Laluxja 4ijjJaj (jSLJj I 1 'aJt I dllj (Jjtij-^LlII J .^.Atl 
3_j_LjL2JI ol j £-alj_JI ^yfl 4la JoLlo.VI c-ckj (_£ jjl u 1 hmj.I1 jjajjlj 

jJa (jjjlj_2JI SjlcLs (o^s- jLjjijLi 4J2 j tv*-*t I ^L^ajVI (jl ji^a jj* t_ijSjHi! 

4ju>-lj_a ' . •» Laj| (j^s •» j 1 aJ JLjJU£.j iCjUa Sjx. 4_jj>-LljVI JLcljill JJLC ^«-Lu 

LajIj£Lj jl I j ■ v»a I ~ j»jx. (jja ji^Lli! 3jljjl>- 3ji£.La I iii rM L*K jlcIj^JI ijJla 

CjLjJI «\JijJ_>J1 CjLooLlLI /*-<^>* 4_*3_Iiaj| -n t '■"•" lJ-^Jj . 3ji^>. a_a (^jj>.| 3ji£,LaJ 

w_oLJj_jJI (jjl ' 'jl ■ V»~ll (JLi-jl c-tJLso (j^Lc /j-alj-JI iv^" aJLcL^J, 4jj^ 

SjjJjJI 4_l-Ll.lII ;y_alj_ill CjLlIVI aJJb J i"i"j i (j ui£ «_iljjl J uaAJl jjijl) 

.4_jj>-LlJVI Ji£.lji!l fjJS CjL^jI uilJl ' a ■"■■ e * (JSI ■ "JJ 

Forward or backward chaining? 

JjLxj (_^jJI ^ 2jj La 1 1 Laqla (rl"rn nVI 3J| jl) ^ ■ -. A 1 1 J_l«j (jl * jLaTi i ■■' 
,_5jLi>JI ^jl\ Vjl j-Laj I iLa . I 3 "j '_' (jj^II (jSI aaeU 4^c_uJS i Ji£.ljill ) j a '" L^J 
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fc^pUuUI -xclgiUI 

J -J ""^^ O^ '-*! ^-°' •(j- a ^-°' J i ill i n"_i (J-«-»j <=LJt (Jj-2-i i(3-ajL2l!) SjlcLSJI 

*>J"J1) SjLcLUI (j-a J-"-"^' S- 4 ^^' Cr^ SLk^a (jjt Li£ <_slj_ifcVl (^Jl Vjl 
(Jj-2-> n_a!jLA2l oJLfli L#j (_^lll JlcIjJlJI i La "*» J-Aij (jl JjLaj ftu '(^ LiAJlIjI 
^La-iVI |_gj uiAj 3JL>. i-Laj Ltaju j JJi" 1 ^ \j-& (JjLkjj w Ala. J i ill i n" (J-flJiJ 4JI 
(j-o (jj« Jjj («-4jV i ( _ ;r aLo2l J i ill i n"ill jJaLtil jjjlz-X (J-iL-ul (j-o (j^laJLJ (jj jJI 
jj_a (jj* JLjj («_^_i2 w a I >JI J i ii I i ii "It jJaLcil JjLj/2 (^r^-l (j-°J iCjLJLuJI 

.2_S_«-U <_sljufcVl 

J) I * **m L-o-J-3 (_£j-j>- ^1 (-1^. «L?e_UdIj 5j-ua JjjJaJI 0JLA (j_a l£' j j laj /gjj 
CjLJLuJI i_ljjjj ^^ J'^<l (oSLxHj ( _ ;r aLa2l J i ill i iTill jLia-ij . 3-aLtJI 5»l aSjLi 

j uiAXI * JJ-^J *L*I (j-^ w fll^iJI (J ' "I ' 1 i"t T 1 jLj-4-i l— <&— x-_i_3 . CjLo jJill JjJijo JL9 Or^' 

a ) j a 2 j'^'j (jl * jk*~ ' •■_' *IJ2 ' ^r!^l i_J>'" a >" (jr^ V^-J^ C^' *-Sl JukVI (j-a 
Jj-uJI i_u-LaJI (j-a 4JLa i JL>. ^1 (jic-J .t-fll JukVl oJL^j 3 rtU'U Jlcljill (^ic 

. Ji£.ljJi]l oJLfli 4_l3 Jj i Laj (_g JJI t_4-u^l!Li 
JLcljJiJI S-Cj-a-^ca (^ j miiU JJJJ La Ij^ i^La^l Jinlin"tl ^j 
(j_a j-^-jI cJLO " LaJ—Lc LijLUaJ] «L>.1 ojj ' 3 .' " *— ^9-*-" (-r^' SJlcLoJI J^t-jJ 
3_U-LjJI a . Jju La-cS flJ-Ai— ijl ■ V»".tl i ?iAlja i flj.aXmJ Jjj ilV.H cLa- i"ij-a 3_lclJ2 

.(_fj^>.| JLclj^ (j-j-j-LaJLl sLjc-lUS OJSjJt dllj (^ Cjj_l«j Lxjj (jpLiL>J! (j2 
.iLljjIaJI oj^i (4) SNARK j (3) OPS Olj ii i ^ o JojGj 
aj_2jj i4j|jJI Ttxlslj <_2JLfli Lajlj j i mLaU ojSLj w aL>JI J i nl i n"ll (_^3j 

ajJLj iiiJI JLJI 4IL3jj(_a JjJljs. ( _ ;r ^ JLcIjJlJI (_JJL>.I 4jsjiia jtuo^j (ji^. J-iLa 
(—Jl ^J-Lga-j (j-^>* <^_i_jj-LaJl 0J-£J > o**i i ii tj i JL)JL>. (_3JL^1 ^ laJaHJl I JLA 3t_Ua^oJ 
(j^ni 4^LUal SjJLCol x_o 4ijjJaJI I j^j ^ ^EMYCIN J-«JLjj SS^jjjla v^jLJLu 
uLa^j-ilo JjiLr»o Jj^?tx-i i la i ■■ u tiu_pe_i JLcl aill ^j^* I ^J-u JG {j&as *.4_j_oLot Jajl^j 
7r <a i njlj . aLo^Lj 3jU>*lj aj U ^ ^jq jJLS^( I J se iLxJ J_4_l z jjAJj icL_(_L»_a 
^LlLu AjLJe.-LLa.U Ji-JLJ (j' ^^ <- ,ilU n -.(jf iiH^t l ^>u (6) PROSPECTOR 
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jl i_^5t-J l^Jlj* (_£f Jt 1. 1 J i3_ljj_U i_a! JUfcVl Luii O^J" 2 - "^J ij_yxLaVl 

. Vjl (jjJLxj 

"Closed" engine or guided dialog 
i session jjUtlll Sjjj 4j! ju (^ CjLiLlJ! Stlj-S-i LajJjj JJaV! 5y_alj_J! aj-2j 
jj_a 3 'I ali i " »l (jjJ-J ijj-jLUJI w La «J (<u 1 1 gjlc <LiaIalX I CjLJLmJ! (_gjjjj 
.3 riUU 4-IVI djqi.it La jjfc I jufcj.i_<-<-i/L>J! L^aJL2j c pJI 4jlcLflj]l oLulSLaVI 
gLcl j <<■> a J -y" 1 11" f^Hj! 3j-u_>JI d U» tVl •_j_ d j>. y-Llsej t u (LlSxuiaI /^J 
(JjSLj Oi-o. i4-L*-LiLaJI CjLiill (<s-£3 (ji^. SjJLaJ! (_>-a-*J ^1 sLjjj-LuVI JLcljJiJI 
I J-& ( _ ;r a Sjlaa. (Jj! (jl i'l i"i Vj . 2 Ijj 1 uJ I gj "■ Lselj ■■ a «_a jjLxjJI ( _ ;r Lc. SjjLa 
f-^aJJ *_a tdjtjjU 4iij jl_a^- * I _i T (jr^C SjJLaJLl 5T-aLjjjJ! JLjjJj ( _ ;r & oLso VI 
pa-uaa-a ,_ 1 c 1j»t^L9 I Jj'*~ J < ease ] /^-1> -iJ-ij-H ^alljt-a jaS-i jl ^_auj-Ajl 
.oLU.^11 oJ-gJ jJL«-a Jjl-r'j aLlIII (^Jl rLixJ ^ diljj i r- jj La ' I Jlj-uJI 

1 a IS (jia 1 u '1 (Jl a S**n uU j 1 ■■ a u 7-1 a i n'u jjL^jJl * laJj-ul £y> 1 n*»o (j£La_ij 

. 4jjLi 4-ajLa >l ^xa.U >tj>.!j_j jl (jjs zjj ij^kl Cj Laj I < a ^1 r-Lljcj 4JI JL>-J 
«L>.j»La_] ^JJl (Jl a 1 nil jl i"ir 1 «L>.j Jj t Lp j J-*-i jl (j£La_i j'^>. 1 JLA jjx. /^-^J 
Li-ul/ jl <(4S!jjl»j i«bjj Sj^ljHU CiLajUU ^£ ««blj» (_5-l^. !M-J-I-i /J-^Lj-^' 

.(j^iSLi La 

strategies for connect resolution W jUttJ I J* <ilLa«iitjMlt 

(j_a JJlc j^S_i LaJU£. j 1 ■■ fli I ijjjl 1 u (—Jl «t «j I tJaj ) I ^J^.)) r*>l Iaxta I j n"n 

L^-S-jJa-i jL^ I jl La jj aj jl jjjj^. 4 Ac (juLuj tjjqjlali! 4LL3 JlcIj^J! 
^j^* I ' la ^^ (j-JaJ aI jj-u Iaj 1 ) ^JjLs ^a-A La JS ^xLaJ jlS 1!il jl i^j\jt_a c_t-UjHj 

.^(jLoi-V! 

( j r -Lt_a . SjLjJl^: Cji_J9_Ilj_u-o /^-l^. L^-uiAj JlcIj^JI c_<_uj3 4iSLmja ^ys^Juj 
«Li jj-xlaj (^jJI c_t_ujJlJl jujl>o ^_aLjj-jiI jjSL^-i Top Level ^ lr VI ^"..itl 
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fcjpUuUI -XclgiUI 



iA j_lC till j (j£-Jj ijy-oLJjJI L#IL>.J)I *Lul i LjjJlJ Ji£.ljji]l i_i-ujj I i ^- j I 



4_<3_ka_i}U *L-«i_i£ 5j-j_o (--Aj tj-j-ilxlj ^-auj-jdl 4_ujL9 jj_o ' "» '^ i 4_i 2 t Llsc j * rt 
( _ ;r 3 dUj) (J-«-«J d JJ~^J t_jLjjj/l 5y_aLJj^JI iv-'l OJ^ "-^ iiiilj *-aj 2^jj LaJl 
(j I r 4jjJLS (j I r 2 J d j i ■■? jy-aLij-JI S«Lo^ jo.lj V Lajii^. 3_i^>L>. CjVLs. 

mjV o^-*f &-£»■ ' L^»JL^> Laj-* J la-; j-JlIII 5_lLiL1I! I jua tjSLIj . jjU-.tl 

.(_Jjj>.| SjLcLJS (jj iLaj Jlilj j-i><-i jl SjLcLJS 
jy-aLij-JLa i jlcljiUI <_i-uj_u 4-utAjye aLj^-JI ,»IJ3 ! jl j_Jul! 4-lL>Li]I jjGj Vj 
Vj .3jUJU>. SjLcLs JSLI g-iae i^aJI c^jjpJ! J>JU*J mJJJI J-* <UL>JI 0J-& ^ 

(^ J j j La j 1 1 3J_iL2JI jlc:!j2J! jLlo-I jl£ I Jl VI LijS «lj^.yi I juk (jjSLj 

<L>.jJ) JU>.| Jj-jj-Ls ^j_c jjAJj 'O^ J ^"' ' " ^ <^- t ^ t - 1 (j^ '- :>0 '-J (J- 41 ^ "-* 4l>.>ja 
i«l_pj) 1£_jLj/» 4jj*_uIj_u-uVI ojufc Jila jLuX.1 (jSLx-JJ ijl nfVI ^a d j o /t>2\ 
4_JVj"ii.il 3jl<ir (ji^. ^gjJaljjI^aJI J^c~u Aj-jL-j] ^ylz. m, JJI jLuill jLlo-I jV 
JL3.I (jt jLjjcV! ^yfl (JjJl9.I-CjVU_Ls.VI JSLI (___<i__.Vl Cx-K-JI (j-o Ijij2jtj jj^l 
i3jJ)j-i-_> JLl^jLUI j^J-J UjJLc Lj-la-LTI -L-sJLjua (JL-- 3jJ--lT1 o_A ^LS Jul j-ul_«_o 

i jLSLoVI j j_2_> »l j i'iVI lLj i uxi (jl tji^j)) jj^ ."ill (j\" uujI J^j- f^?*^" 1 i nilj 

.d^j^UI jj^a j-i£l (jjljJ <j£-lj 

j_j_c o se ill CjL l - ^ — l jI^ " m iI j-i_»L_>J t I <i uj (j-* lajOjuA j^S-j (jl I inrj 
(ju <_!jLUajJI jjl\_L> C--ls. i'/. I 00 3 j£j_o CjUjUU Q^SL. V Uj-Lc ^j'-J^" 1 ,,.11 

>LiLa I LLJa liLa t La >JI oLiLuJI ^c ^sjjuJ! Jxa-~ i njj icIjLjLlJI jIj^j 

«UL*iIo*I «L>.jJ jl Jj^J, « jj ilajb J 12 ^j ga j se ■"■" )) ^JILa <■ 1 1 uL>JI ^j-a L>.jj>. 

i>J_A ^--3 » jLlII --**'^ * jj^tl^ iCjuLj-Jl )t_L4J>. jLtlo^l jj JU 4 i-tJ-»-a I Jl>. JJ9-^ 

U^J"*" '"'"'^ '^*-* (_J L<»H^>- 1 ^^-J-i (jr^- J-'J-J cO-** ' •— '^^rh 1 (Jj-^'J J Lajj 5JL>JI 
^_a d l*C i"i \,\ ojLA ( _ ;r 3 j-La-i-i i—Sjj^/J . JL>J! I JUt jjJ> La jjrJI sUa^j^J mJJiJjj 
CjLjI j i tl j j , ,. A", t (j ,~.. r «_|| i ,i II J .^.AlU LITHO jy_al_jj_j (j^. l—LxJJo. 

.SjJaljULI cj Laj mi ( _ ;r a <l«l£ =l2j jj^- 1 o' j*. "*' * LojLi£, 14-^.jJjj^JI 

( _ r lJI J c I j S 1 1 4_j^Jj^/I 1. 1 La c I i jLcljill i_^jjj_J mJ>>-^I j_uL«II (Jjsj 
L^-j-b («^>.j_1j (jy-i-JI CjVL>JI (_y3j s Laj_^c (j_a j-J-SI I H al Lse-i-ml JJ-^-J 
dili jjSLj i3Jl£:i2 JSLI (_, j ii nil a\ jicI^VI jljSLi tcjIsjj j^lll vljLijL^ia.'^l 
Aj^t_Li_u_i ftsJ L$j^/ d^. i n m» jl jjS-4-J /^-II jLcl^ilJI ^—11 4_u_uJ1 (_£ 4_4_L^ lli 
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j^c!j_2J! ^j^ » .'a .(jOJLs. (j\j j^h!-*^' Cr^ J '"'■ *"' 4-2jj_LaJI OJLA (jl VI . IjLii 
'.iiJLso La Ij-iLi I j 5 j ■ La " fj-tljQj n" (_ylll i—ialjll (j2 i a ji>-"i i n" La Ijjlj 

^yljl 5_^L>J! djVL>JI JiLaj LgiV idJJj «-c.j L$_> JiLio.VI t_^=j <j£!j 

LjJEjLiJ (jV iSjLjLflJ! 4x-lJLC LjJV J I I j*'* Jj;*"'^ Sjjr*-"' ^^ '^' A JLy" i 11" V 
d " U (J^aAXIj (jj-i3jJ! U^J~" agll i tuSiSLixuj . LJS^LIal a JLa-" i n" V ^lila 

ijLcl^ill (j^s^lill foill !JLA4-JVjCL-uVI oLiajLlLi JLcl^ill I j/* Jajjp w "'l 

. /y_auj_J! (j-a l_£3JL>. j-lj-i£. (jSLaj (jj^J'j 

Does or does not allow quantified variables? 

i_)l i ii ->.j LjLUail! <__il i ii->. (j-u 3-aL* 4JSj_aj ^j\£. *_<-uLiJI J l^AII (_£ai>.! 



4_al Jlj^-"1 i nl jj-* (J a -a->*-U < )l i n-»j1 J^LaJLl 4_l3Lu321 SoJLll (JJLjj .(Ja_a^>JJ 

(j^La-i i«jl_2-La ill j-JUa (_p» 3JGLal! sUjiail! (jla dJJjJ : Sjj i nU Cj \j j i" a 1 1 
t_)l i ii -t-i (j ii j lj i^^jVI «L>-jjJI juil JjjuJ,! i_)l i h-v 4iij I j '"* j_iajijjl 
. jlJLLa 4J _}JL^_a j-iLLa Ji ^jt 7-a_UDoj j^j-i ^jt ' 1 1 Lali ] 4_i 2 SI }| ,>.^t1 
J ' •" l " 1 *_' C"*"" S^j iStl CjVL>JI (^yi Li^lS bl L^SJI <— -1 1 i ii-v (JjSLj (jl (jSLajj 
(^ JL»J! j-A I jukj i Ljj^l^i. ^Ij Sjij ri i a entity <LJa_i_i£ ^1 Ljo^ jJalll 

^^Ja-jjJ,! /jj-A Sjlj-ilLI 4Ja_Lj£Jl tJ^o^J '—^P* i fM^' ^> J J ""^ I sLaiiaj^l ^j_a J-J^iS 
1 JLA *-aj * (/jJ>.^aJa-0* ^_aLJj-j /^) J-U Jl ^-jlaJl ^J^J^~- uuj\ ^_alj-j /^) ^ili-a 
^liLai i ' " 'N J ' a *"' «l mi^LlI. tLojcj JLai iCj!j_l»j1! ^Ijiisloj/V =L>.L>. I him J^ 
ijj>.| (JllLaj . «LilH^t_a ^LaX. 1 /^ji^. JjlsLLa 3ji£, ^—J! cLa_u_o2j % i ii ill «UL>. ^—5 
(jL£ I aK (_g JJIj RI Ohm =V (a jl) Qa-iLa «i_ajJtJ» L^aUj_l ^1 (jIajILiiia 
7r <Xa-jj . t^JLlLlI j-jJLLll cL_a_j_3 t. 1 1 tijej ^jt jj-Sj 0^-^' (Jd>ri-*^-* ^hi^ ^^ 

(jij Sjill 3j-^ LjLUail! ^_il i m'vj (JjjijJ,! ^_il i n-»JI (Jji-a-i (ji-j 'LiJLlI! 4JjLiLI 

^J^a-a^KXI i }l i n"w LL-iiiJI ( il 111^ 

L>jjia 5JjL«jj Jl>.jj 3jj^Lla RiSjs^Li^ V dul^ Ijl 0I-3jlcIJ3 

j-lC jjj dulS llil 4_aaX*_a j-lC Ij 
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fc^pUuUI -xclgiUI 

pj i^^jtS-ajU a I = V/R (. i i n-wl (jil 

(jLlajl«_o <Lajl«_a L3_ajl«_aV iJIuLS Ijl :2-3Jl£.LJ3 

aIjLJt"ii iiLi (jjj uuji>I (j jl 4-ajU a J-^C Rj 

gj lL> ^j <j» R = V/I (. ,,, , -J (j jj 

oVjUII S-ajlt-a I oJL£ Ijj : 3-SjLcLa 

V = RI <LayL«_a j-;^. V j 4_ojl«_a Rj 

P = VI.. .etc V = RI .. .,,, 1-J ,jj1 

S^Lts S<LiSlj 5j i "»l tl ~'*^.' .' (_yjLuu VI J VjGjj/V! (j-o jjSVI *j^>J! j-j-*1j 

LjJ jJSoILl jq_j i La (_pa1j-IL31 (—.Llj /j-J] '"'' Ia3»>j 1 I (j_o 4^, a_aj?e_a LulSjG La 
jl i^ljJLaVI I j_4 (^ I '" aj JLjIJj (^Jl Lai til!j lSJJj^ ijf&l .-.It; — .M ^ 
(JL>.jLi 4_lj».L1jV! jLcljJil! CiLcl jir-i tt g i h"j .tcJLi^j j^lc 4JLi LU ojL^Jal 
jl) 4jJSJA! jyjLlil! ^yfl «_Usjj (jl (jSLx-l (jr^II 4-25JI (_£JlA tcusjjJ i^LSjJI Sj£Ls 
l_La <■"' i i-^-i J-i! '.(jl i .it" i .iVI (JjSJI Ij-A ij^- Jj ' _' " SjLcj . (4Jajj_Jull 
(j^f dJUIx^ i(j\jt_o _ .1 . ^^-1 ^--ut-a jj-* U^J LI. ij-l^-i «(JLiIo*1» d glS a! jL^-**( ( nl 

._£ j-_j_j_>JI 5^ i ~w 3_}l_C (Jli_4-1 (j^-Jj * W^^-^^ - * ^L^ L)^- 1 V (jl I n>" ( n 2(1 

4-uLi^>.l cjLoyLnjs jiljj aj^. («i.j SjjLJ ii!jL>. 2 N *" (j «a *j J^ i^j-Ilj 4JL*js 



aJJLC CjLiI^-o- ' Lc^aj (j^JI JLcljJjJI Jl£.t^J3 (_£ JLs.1 ^Ll!! Jul! aJLJ-" i in 
(^1 jy_oLlj_jJI <_2J_#JJ i4_L<_«-a ^j^ ? -I .^.^-t LiLJa CjLJI^l^J! (j-a Lai rir-il jl 
LJJUulJj .(j\jua • a loj I g^lc j j La u (^^1 CjL)!^-l>JI jl (j!_j-pJI ^_^£- i_2j-*jJI 
CjLuISLoI <j1-lJ (_;^I i3JLoL^ j_i£.j 2 , ^.al'i 4-aJj-"i i ,\\ jLcljil! Sj^.La Q^Sj (jl 
LljlSIj (j-o^ ^-«Ljj-aj1 tjL^ iC^^JI (j-u-<u (j-^J i ^ L>s 'j-^^ i>J-A JlLo (—3 (j-^ i gjegjl 

j! i LoLx-i SjlSJ^ «^I^JI ^^ i"i i ii j I L^jJ! Jj^jjj (j^JI jyjLlilLa i La jl>. ^1 
(JiL^j (jl (j-SLcj (_gJJI J ij"i II jLo^VI (_y^ jl>.g 3j-^ tdLlA oj^f o' s- 4 ^ 

jC_iJl^j ' ■* ' gaJl ^j-a «L)Ls 1 1 la >i 1 1 »^ i oJa d ^"^ 1, 1 CjuLuJI (jl i oJej < ul 4j>.j^ 
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La \juj-lm L4J2 ttLagj-Ja CiLvl" r"i 1 ul aJLJt" 1 n" (_^iJI 4J3j miUj 4-<jL3^aJ! 4Ji_o2l 
.jyjLlilLl 4Jajjj_a Sj-JjS JLcljJS ^1 £y>.j_J! ' ■ I Lalij 
(jjjLi^Jtj i ) ...All (_3jJ(3 4-Lajjl^i.J 1 JlcljJLJI (jja SjLcLa (JLM! .JJLajJ 
3jL>- VI <r I fj>-'jJ (jl (jl^j-'itl ,«Jl*j *Lii&! 4J (_£JJI i^jLUI •» i^aijj .4jJjVI 

Mt$Alt dMtt 

^jii ^a j jii^i j-l^j I jl : [-J 

SjLiJLi (j"n*j j#^ i_£ jj jl *lj-3 't! (jLs I jl : 3-Jj 

JjjjJaj _j^3 i4jL*JI_] (j"ij»j Vj tvilaJ Vj i IjjLLs ^LS Ijl '.4-J} 

i_lj ^^a 1 1 Jl>- (J-l2jj i4jL«JLi (j"n*J (j^ '■*! ■ ->~<J 

Cj^s. _j^3 i(_JJLlj 1 1 JL>. ^L>-2j (jL^ I jl . 6-3 

j i ii lit, I 
5l Al liaja) 4J9.iLi^s I jja CjLoJ-SJ,! (jjSj (-;r jJI Ji£.!jJsJ! f-£J±>- (j^- <— 3j-«J " I 

2ji^iL>. jj^j 3j^.L9 (_gl JjtLso iSjlcLs £y> ji£l (^Ic- (0 o-iJaJ! I il -2 

. (i—ijLiiajJ! dla) (J-l3 (j_o "isjjj-a 
joJ I jl 1(J liiilm* (<iJ3j Jal 3-p-L^s 3JX.LUI 2 La . "Ij; i_tjilai I J-«j<JI jl -3 

' Vaa". . 3_lcL2jI aJJb Jiua j_-*j 

iLJjVl JSL^JI 

; L^-Liicj {j&Ji-s 4_trt_u 1 jJL_o 1 ■ La i ■■ * I £_& * uiAaU 5LLa-t-I,| 4_irt_u 1 jJL_o 2f 1 (jl 

. M ^uai,_Mi 

. <LLojj^aJ»JI .-.IjU^t iterations CjIjIj£Jl!I (Jjj j Jl£. (_;,!£. 5jLu>JI ^jU"j 
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^1 «(_gja» ' * J ''*'*' (j-^3 'OJJ ^JjLill 3 J_o~aJI ^^yJb I -3ji£.La : I -j!j£ij 

'■»" -■'"'■» (jjjLii^JI SjLcLs 
(^jG iljL>. <Jj-aj ' » ''^J~J * ' , ~J5 ^~*~ 
jj_SLj L#jV jtj'mi" 1-Sjx.La ijj-ijJa'ii! 31>La 6 j 3 j I j^clj^a :2-jlj£ij 

.J i ill i n"itl ^j^ jiir-i^il (Oj-JI CjI j L$J2 3-3jlcL9 jLiiej i(_Lt2 (j-a 43jjjj>_a ^ a i a 

: ! jlA w ta «jj 
(cU ljlJL) j^pijju i^jG iljL>. (Jj-aj ' * ''^J~J * ' y~3 ^^ 
3 j I (jLjjLcLSJ! J < u i .i" jj.-k-.H 4LL3 6 j 5j 3 j I jlcIj^s : 3-jlj£3 

: I jut w *JJ 'OJJ 53jlcL9 jLlisjj 

(* O 4«L)LijL) tj"n» ) i^-jjG i 1jL>. (Jj-dJ i*_u3j-jLi_i-£3)- ( J3_iUL>. 

i;y_aLij_i!! i—kSajjj i^Ljals LajLloJj j^s-Lj (jH-II i6-3jLcL9 j-ijj :4-j!j£ij 

: ^-Jj LaS 4^t_u_J1 ^j^Sjj 

. (d)^>. i» ).} i4_ilJL]u f m jMJLit 1 i^j3 ilJL>. ^J t »-Sj t*-u3j-jl * <^->) = Jj i\ ^~*» 

L_3Lt-£5j2l I j >J1 c Jj 1 la u jy^gjust-a ^ul^_o* LujJ ^jt 03^ ' "** N i J 
jLxisljJI (j-aj 'Lf3^ LnJaJLo !j^J-4J >3j3 V JlC.Ij2JI SjlcLs (jV dJJjj (j-Ij^l 

i-dLiji Qa^J (jl S^?^ liJJjJj i4->L«JL> (j7ij<"j '^J- d ^"' it_) jJ! i_3^iitj (_fjj>.i 
i<Liia_aL«JI 4j*_u-J! ^c 3-1 jlj 1 nU ^^ Lufc 6-3j^c.L3j . I gok: <_3jjiiLI JLcljJS 
4_ajJLa ( _ ;r ^ Sj_jJU>- SjLa "Lsl-Us! _o-& O (_p3a_aJLjl 5_J!j2 4j>-Lbe-! La (JiJ 

•.^K Sj^LiJI 
Cj^s. _o^3 *Li! ( _ ;r a (j"ij»_jj 1 '^^ (_Lj-23 (jLS ! jl :6-3jlcL9 
L^^Lli-VI (jLa iw_aLJj_JI J j < mi* LJjx.1 (<u ij_uJuJI I jut Lu>»-i I ijj 

editors tc_l2_uJI ^-aljJ aIjLJ-"ii ..Li i4j 3-lLlI.I 43jj>Ji.I (jjaJajj) JjJjuj ^aLijjJI 
CjLajitJj^. iJlije-LU 4j>-L>J! (jjj i4j*jsj^il ClljnUtl CjLtil! ^"-J-aJV ( _ ;r 3 Sjlajv^L! 
. LJLc. 4jJLlLSjJ! w_a!jjJ! f^°i I J I J a. IjJ La J-Aj iw_aLlj^JI 3^- aX - ' Ct 3 'Lu1J&j9 
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^lYkinUI .ISiJI 



Use of plausibility measures in uncertain reasoning 

j tj ' <* j 3.j (j .I *s <"t (_j.ll! idiL>.l"ri i ..VI i_dJ jSj iSjisJ^i j-i^ ij_s^ ^-° *jLc 

OJLA JL>. >. (Jj-* 3 SjLC CjjjJa JL3j . i'l mi 1 t 4_Usj_c (JJ-S-3 La LJLc j_uiJI 
CjL>-L1lI<j/VLj Slaxij a (j^uLia 5Ja . ..Ijj jl ."^ VI ^ uncertainties CjV^jJJ 
(_3-"J L^_il (^^ <Lflll>JU (jjj-LaJ! 0J-& i_gjl i uJJJ iCj2_o^j>JU 0Jl#J d i i .it" i hU 

c*AlL>.| jJ (_^i>- iCjLjLlAI I jj'-"**"' (.^J' pi i .it" i .iVI cjL>-jj ^^ ^Lc J*\ uu 

tLlLLLiajlJl TijLUjI J^- ^ '^J I uJ CjLa^tai.! Lg-Lu Lo_l3 

(j^s Stal jjkj EMYCIN j-aLij_i ^ 5_qJlj-~ , ,i t,l SJLj-LJI Li* i ^.^...j 

3_iili>J.! 3j ta tl <j-c Sj_ljJI 4JjL2l! oLuljjJ! (j-a j_u£J! dJLLa .^.Utl 
dJbjj (jLiL^oj (j-uji^J sedward Shortliffe, ' ^"jji ■'"■■ -^j'j- 5 ! ^jLij/IjJ LjJLa 
Henry Prade Jj>j (JJj-L&j Bruce Buchaman and Dick Duda \ij± 
(jLu (J£LJ d j a I i , ,-. « j| JLoIo-l 4j>-jJ JJJLao (^^Lc «L2jj_LaJ! i>JLA ( _ ;r uJjj 

cjLJLiaJ! (jl ( _ ;r JjtAJ 3-aLU! 4-25JI ( _ ;r i*j) I <j-u '^j^' oj-& 7"j'j-"j cjLjL<-J! (j-a 

j a ■* jl Jii-ajj i(jl£Li!Li 4->jL£ oLJLlJI (jl (j-ijiJj) I - j (j_l£IjJLi ~<&Aj~a 

<j-a ojSLj loLJLoJI 43jiju I jl islil\ jl>J! 0, 2 3-ajJa JLx^Jj . aLJI j^llll aJlc 
ioLjLlJI 4lc cJjJ lil (_5JJ! jjJ! 0,2 juk^jj i4sjL^5 L&jLlc.! JjSttl 
7- ^Lll! J's r"i t L> I (jLu jl ^ j i **-"* 4-JLaloJ (^c j-^«-ij • 5j JLs Ltj I j"ir I (jSLaj 
4ajS L^LiSIj loI, q^S_uj (jll! it_j«f SjlcL9 LJjii^. (jL^ I jla ! jut (_,-ILc.j S (I) 
(jSLaj ^La i^ila 0,3? (Or JL*i9-^l ^-J- 5 c^jISj iLikelihood value 3-LL«-a 

, 3 (j-° j-p' SjlcLoJI aJJt ( _ ;r 3 t_l JLaiv! 4j».jJ (jj^3 (jl 
".J SjLcLa LujJ (jl ^ya ijuAjj .Sjlijll J-^C CjLaJLflil 
J <======= r jujI (jL^ I jl 

0,7 = (j) ^^0,6 = (t_i) ^ i0,4-(l) ^ ,0,8-(j) ^ ^Lxalj ,^ a 5l>.jJij 

Qj ""ill (Jj^sjJLj 4iajljim r - 1 1— ! 1 1) SjLcLoll 3jiJi2^ eljal i , ^. ^ 4^-J-i OJ^- 1 

o , 4-(( 2 ) c .( M o c '(0 c» J^ != (^^) c 
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: (-Jb j a 1 JLjej-m u i 4^e_u_L! 1 4_l3 1 Ju-*a_o ^L^J-S Q9^ L ^ t -*- J J 

0,32 = 0,4 x 0,8 = (j) 7- 

4_jJjl d j ati ) ■ ga a 4_<j_j-3 4J «.}» tjL_Lj ^jl ^j'-^J**"^*' .d)La^ I* U _}1^_« ^cua 
EMYCINi.^i.n^S (2) 7- 41.L3I J ,rt a cAjuxJZ jj£l djLa^Lia iljj-aljj *u i(I)t- 

-.(^3^1 l.mi^ Sl^LLJI 4-^Lw^U 
c^b (2) t j (I) L o^ lil (2) £ -"(I) r (2) JH- (I) ft :Vj1 

^JL^L (2) CJ (!) 7- o^ lit (2) 7- .(I) 7-+ (2) 7-+ (I) 7--T- : L313 

oljLil U4J (2) t- j (!) t- o^ I Jj = £-£!£ 

2^+ l c 



(12 ,7-1^1)^1-1 _ __ 



. 3jLjJL>- Cj Laj I < a j^ljlu ^j --> a '" jl JUj-J JL9 4-Jj 2I d jal 1 ,^t I'a | jk£_&j 

3JjL«J. IjIjlLoI 5-LI uj-xj I -1 gjj£ (Lulii)j (Vjl) ^LjJl^LUI ^juIj Vj 
L4JI jj* (litlij) SjlcLUI jjj-oj . 4-JL^JI ^jrttL 7-1 g 1 nit <L£j_U cijVU^vVI 

<_Sj|jJaJI OJLA ( _ ;r 3 jLUJkl (j-a (jlS JLSj .4jJLJIj 4j^-j1I raJ-itl cJU 3j-^-" L -^>^ 
4_LaUJI ^j^ijJ.I dSlr JLSj .(2) 7-+ (I) 7- = 7- LJa-j-mjJI *-4J>JI j»|jL=EXu.l 
(E £ (j! ^L2^>U cjLuJ 5-^i* jj^JI ,jjj jl£ I jl 43! EMYCIN t^oUj-u 
j j j La5j i0,99 - = (E) 7- Q>£j S-lSIj uaJU <L«_iJ3 j! r^lij L#loj) i9 ,0=) 
I 'j^*j' a i0 ,9 - = (E) 7- j! -sL22c.}U jl^-lj <■ ijnij i(olj_o «_ijl jl) SjLcLa 
jJal^JI ^ (jJLt! ji jlo^I i_JLJI i.ijmtl j! u,'f«} '0 , 09 lUjmjtl j-*jJ! 

: LaLcj 4 iil"^e-a 4j*_uj 3JljJu>JI 3JjL«Jkl w La «JJ i(_£jj>.2l i_il_u-u2l ^-J-«^>- 

0,90 = (0,90 -l)/(0,90 -099) =r- 

. I jjjl>. ^yfl 4jJLjJIj 4j^.jJLI (<u-2JI (2tv 3j-^' JjLIj IjSLaj 

CiL^I'm ii^LI ^ La «" (_^<JI 4 3 1 ' ' -* 1 1 jl (jl 1 11-r'i ha\ jl (J-2i]l 'l-*^ (J 1-1 
4_u|_ l ^ia.l CjIjjjjs <_l!l_ufc OJ^ ^J '(JL»*il jjj^ I Jj'^*_' ^J-iJ-^ < *-*^ a Cr* 
L^J (j-ujj j j_ioiJ I 4jIjJj Sj^i. j^c Sj_uS CjVL>. ^^ j^jlj LgiSjj ijajitl iJJL^J 

^—j-jj-ij J-LlLa-J (--A CjuI 1 n"y"i 1 n 2(1 *sjl£ y- L tjj^ r J cLSjL_uJ1 4J^ljlX1 (jT-( ) 



IflJ 



. 4-lUsLjj CjIjj-jji L^J jjjljJj i4_ul jJI aISLs-^U 
V-jIjJs JUsjV =L>-LxJI 4$a»lj_o iXlc-^yus Q^ljl^ (j-uLJI LilLut Q5^Lj JlSj 
j| ii_SJ! (jjjJtlj jc3 ta.3Ju*aJ jq_A (_£J-J1 jljJLJI yt 11 i a 1 jl J_ua UaULi ^jj * < ca * 

j_ljL«J.! (j_a (J^-I ' a 1 " ~» " (J-flJ r I la c I *Lj_il£LaJ isLUsJ *_a i l_Lfl> 43l£Lx-o 

.4a«j|jJa-U 
3J3.S aJLc LtjLlc.1 ^ jj-tj 3K .Ml aJJt, 4j>JL«I (^avt S-Sj>^ iiJLifl>J 
^pJ! Fuzzy set «2 ,v.*Utl icj^j^J,!)) 3j£La 2 Sjjla.il aJJt * jir" . .."j iCjLJLuJI 
i 'I I" (_,_* 3_Ua_ol_«JI 4^jAjJ,La i*u-uVI Jjj U£j . Zadeh ojlj I j a. j La 
l_o (j^-' * JJ a Ji.!*" 1 '' iJ_jSj Cr^'j i4^e-Ualj JjJls. L^J jjjijJ (jylll 4cjju>J,I 
»1 mill «Lc^$j?e_a JILo i^-jsejjjG ^JN i"i ] <* 1 j ' ga * ! I aJlC ^—11 ^ ja Lgajul «uL>. (j-* 
JJLaj (_gjJ!j .1— lU Mill 4_^aL>. ji «jj« LaJl CjIjIj i nil 3_cj_ <l j = _a jl Cj^M_ut>JI 
Function 2 A j taj ^^Jt 3_Ua_al_c. 3_ c .j_< i j»_a ^1 c.^^ jl Jj^ tbj^ag 4j>.jJ 
I^t nil a (j-*- 4 "! J 1 - 1 -^ (J-° ^Lc^-s^c-* A^*J 1 tiXyLfll 1]}IJ3 4Ibfl Lcag t^J-o ^j u Lxaj 

d ^» J (J""^ -5 d **'JJ ' *""* '^- >, J-^ L>"W^ -il_vXl p^""" ,".11 j ^r- ^JILs-l (_>uj <-£-J 

>iifl d **'JJ tJa£ «L>.jJ UL5^ 4_ltii j-*5Jl11 (jlj 1!il j-cu-a — (I ) a Ja 

j d ' a —(2) tjj Ja 

j a i a —(3) t-il Ja 

d "' JJ ' ^"* ^'J- i Ui^ Olj-Lui J-Jjl -ij-aJI J1 1 " (j^ lij , I = (4) dJ Ja 

, 3 =(20) tiJ Ja 
, 7 =(50) ^J Ja 

I=(I00) al Ja 
|j_jis jujiL»j (J-«jiJ! j-jS jl <-_ -> 1 1 Mill Sj£La (jla i L«_Ja ^jLill ■ 1-^ a. y j L»Sj 

V jl i"rVI (ji 3^J ' "H i»»l oj J ^-*t!^ *Uax.lj i/nK'U 2 J'^**" u» (jlr I JL>. 

( _ ;r aj i U-JaJ I (ji ijy_olj_> SjLc (^^ ^LUajsLiJI S.cjj^jJ.I ^ j j -^ " ( 3^* 3 ^J 
aj l ar ^ (6) PROSPECTOR j-l-l-^JI ^UaJ J^j do-v o-^ 1 ^^^r^ 



^ 



^-JlJI d_al_JLj1 d q-JuOj] £j£l La <LdLaj d_Lj_*_a ^L^i-lS d_i JjlLu (^JjI ^J-U Ltiajt 

t^LILa aJJI daJt LeaJ « ^—jl-lj-Ls » ^J^o udLLA tJQ^-J L$Ju-l9 - ' Jail (JL*_a ^—3 
?*_aj - - * j t-laj| ^JUJ IJ-A ?7jL>. La ^yzjjX aJJI i ^* L<a 4-^J-S jLu^.1 £)^- 4 - 1 

. 4_Lj_*_a l_3 j)j-Lb ^-JS <( 4_jJt_j_iLaS » (J-j-Sj til] !i 
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*•&**» diuu i J 






L-lT(-(-u 1 (j-\_) J)JJ ' * ' "****' ' ^ CT^ t ^-<-" 



i«LLjJLJ (jl Lea3--/yl£ C_3j-*lJlj (jLua^tU aLlJI j>j g-di, I 

LoJ—Lcj « yr—i-uu Jj-j?e_a «LJL_i ^ a < <aj ^jL) » *^" Juuifl 
2f tiJut x_a i^jl^-o- «Lil (J9-2j (J' l -^-LiS!_4_i i^J-t-* *— )j^lS-1 
LgJLl£.j i 'jLj^>. f*l iJLLa> ^jL£ l!il _iJ_=»o ,ji * J^**' ' ■■" 

. J^Ls a| Jjj)j-i o^ 'M La J^S^f yiWiiiM V illj? 
■ U^«* * jU". , .'* 4j1 aSJl 4_i£ La_s Lu^>J3 9t j < <aj La Juui 

jj' Lta ^ 4_jI (^1 i j-^>- i ' >1 i^a-3- (J-ojjj ^'-^J-*- 1 (j' L<a3>. 
Umberto Eco ^SLj 1jjj-j_o I ,«4 o m.L 4-3jjlJ 

{j-a 3-Llj-o^ 4_j£Ll^JI ^LLSLII aIjlssIlJ *^j 

CjLLj£J1 o j_& Cm <a ( ii J^a . d h \~l5os 4-tibc_] CjLaL>u1 
*./j-L La L^JLa jJ^lu 3 J_j_LC d A 1", -a- ^ cLj_*_uLj 

l_Aj^!i schemas, «3JLoL!lJ1 2 ^ * U ; t_1 <_3L^^1» - 
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^UKxoUl .ISiJI 



.Sj£l jJ! frc 43bcjf J& ®BartLett c^jLi ^m^tl aJLJI 



(3) 



LU^I» 



. (5) UNITS j (4) FRL Jla 4^jj oLiJ Sji^ ^ *5 .cjLujJLIj a jtjjUl l 
rj*< ,-A a\l .It I ^ jA,^.j a QJ ' " _,'*J '^ *'J~^JU "' A JJJ '-' " ^" " 

. ((j-olil! J-i^iiJI jioJl) 3-LlLU ' Valjtl ^ ill JL9.VI 

jj_ij_J 4ja_aj_jJI 3JlI (^ Units «cjIjl>._jJI» jl Prototypes «r jL«_L!l» - 

.jdjjtLiI.1 ' ^j"'^~ (^ Rosch (_yiJJ J T* AJLJr~ i "I (_£J-!I jljj>-j-bjj 

(8) SMALLTALK Jia .S^aj-JI cjLU <>» j-oS^ Objects «oL>LSL!l» - 

, (I2) MERING (l ^FORMES (IO) ORBIT j (9) FLAVORS j (20) LOOPS 

sLa-jJa aLc 4JI L^Jjl it_iLjjj/i Sjjl! lOJect «(jLp))9t Ha tajj SkjJxHj-u] <_Sjjj/J 
4j| a£j i« jLUI » (jjtSLill jtlLu-ail (jV LuL\j i^jjs-VI CjWjJI la ♦* <U3L£ 
t_£J-JI (—utll /jj-tC (j-* \> J iS jJl3 i^j^-jSLjj-aVI Q^Io*Lj1 4-a JL^-**< i u ) La 'J-jJ^J 

. Vjl < i ii na 4a.jisl LaJJ£: 4J ^K 



It «ltlL£lt yfftj* 

1j_A tjr 3 L^_a1 J^sILljj\ «_jLfaJ1 4_u_alJ1 < _ i ^ a 1 la • <a I J <j-° l-i<J-C Vjt aJ-SJlu) 

^^alji^JI $.1 a uu\ (jh&j iattributes Sj-uji.1 cjLLt-^aJI ^ _}j-c «U (jL^J^.JL^JJ 

£)^-4-iJ * 4-x^JLl g i^jl axstJI 3 i(j_u_L>J1j 4j-<jjlJ1j i(d_u 2t 1 (J_<a_tIIjj |jL_uj>LJ 4-t-i^aJe uJI 

(jjSLu_u iSj-jLCtll FACETS CjL^-lL3 i --tl j^o _}jlc 3j-j_4_4 4_a-ua <J£LJ (j^^j (jl 
jJs /^Ji «i_iSL<j_Li refill (j-« «Lcj_<jj?e-« l_AjL>.t Q9S-1 (jl (2A-4- 1 *• '-^ j - u '-^ ^ '^** * 

^JlJI d_j_ua1jJl^V1 (JjIjLjJI (JQ^Li (j' (l)^-^- 1 ^ '^*VJ tS^j«iU d-iju^JI 1_AJL>.Lj 
jLlSLAJ ^LLo ^j^lJ-^ i3j-J_<J_Ll 4-a^eaJ| <: '-<i-l3 JUJ_>o aJlC JlI^. jJtHj (Jl (3^-4-1 

i^jL^JI ^jl^VI ^JiLaVl «b jijLlj tr-Jij^j-^ ^yKa^ll oW^' jl iV. I d>^-4fj 
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6,;.I.S,.frll ObUSJI 

4_al_c !_ys\j^. -5j^>-J f-^J ^-sLa^tja-^l o'^'.' 3-JjLiHI * ' ** J $ ~_2 ' j*'"'j ' 
4_aL«-Lll (JlLa-r-jj_«_ill 4-l<LuL>. C)LI m i ul CjLa^Lla-VI OJLA OJ^ ^J '""j" '""" 
jj-C 1 j j j » J CjLa^Lli-VI oJUt (JJ-S-J JL3J i 'j-J" 3 L^Jj^ (*Aj J J ' * cr&^ 

( _ ;r ^ r - Jj-a-cJLj ijj Mill 3-JjLLa J-*J JrP"^' ' Pj-^' '^*-* j»iJ V"nl J^J • 3-aL«JI 
*_a *t_LjJLJ ^^jiajj-a L$_La (•r J ' JLJ C^ 13 *J ^L*-* ^ ^"'**' ** *L3 . O^"" .""11 

'"'1 3e j La i ■■ 11 (jia-K-i lLLI j *_a L^J (JjSLuj/ (jSLIj ii_Sjjjjiil Ijjjlaj^fl rOj^-i 

.CjljJL t_yizjjX\ 1 J-^J 3 r^iLjJl 

«Lj_UaljIi£ 2i 1 pj^H JljJL^Hj 4_uS_t^Jl CjuLjSJu (J_u_aIUl Jjj-* 3 (* * rt ?*" a i <mj 
4_«_Lflj g|ji*r-ilj^l £ L<l-i5 (Jl J y i .il (j£Lx-JJ iSjJLK-o ClLajUa j^Lpj V La JUX. 
(j_o pj-i-ll lj-A jl ' ' 1 i"i Vj . 4JL>. V 4L>.j_a ( _ ;r a Sj-o-^/l Cjj^Ijj Ijl sUitis. 
JaLiJJI ijk 4ujUt\ 4J- ' \j La a j_l£ <L)Li 3.sLc i-Sjjij ^ JJIj-jVjCL J i'i?l 
jj*aJL>JI (^j^fl 4j>-jJlJI (j La * aj 4_c£. j-iajijjl (jSLa-i Vj (^LlujVI ( _ ;r ufcjJI 
(_y^ 3-3jj<Ji.I ^c j_L;L»iLI Sj_uSLII Llj_U I lx i<ijl JlSj . Qljj/LUI J us^l) j-LaJl) 
\jujuj I (J L^a£ 21 jj-a L)L^ L>~9 iC ^ J 'J J ^^' ' ??-*L>^ 1 r" i ii^LLa (_£ 4_LLt_a 3j^_t-a 
CjLLSJI a! JL?-**k nLi ^J-LLallJl 4_jjj-La (j^-aJJ 'P? -0 !^ U '"' o^ J' o*~ 3h ^j^» t jj^- 
4-ulj^j.^l CiLajUU f.\ La£ L i((«j>.jjil-4_LLiilj 4jjIjj>- VI) jj^jjjj^aJI /TJ-o (j-o 
KRL «L?E_aj-_Ljl 4JLJ ^J o i"mj . ^jLjSJLl 4_t_L»_a ( _^1^>. ^j^* I ?«-« 4jj^j-UaJl 
idomestic «3_lL».I jJ1» CjUIj^VI ^ o < »\ La i ; 11 'j'a .(ji-2l (j 1 -^-^ (j-« ^'*'j^-l 
«La_j_3 ^L^_il ^JILa i7-L^t_u ct_LL*_a CjLlLi^, ^IjV J*^ > q\ c-^t_) La ^J_=»o /^i-11 
tc_jjLj» 9_A ^jLlSLJI (J3^-J LaJLt^, lLLo /^-Lc AU_a _^«'-"j - ^^sa 1^_>»J 1 ^j^* * 
1 1 iS J -1 « 1 1 ■ La ui '" w " 1 1 «4_<j/jL>JI » CjUIj^VI dJLufcj i Jjlj Loai «j»^jJI 

i^_yC 1 '1^ LaVI *LS jJI (^ SjLjJLjcj Sj£Lill OJLA I."' i njlj-4-LL«-a Oaj|j_Zu o22>j 



<j-Qc.L<j^i]l (ji-jjj^' cJ^ 1 ^J •— 'tP" '3_l1VjJI CjKj i^ill (^ LUajl 4_oIjj>-VIj 

(j_a La CjJUs. (^jJI j_la_(JI > jU" i n" (jl (O^J.1 (j-a 4JI (j^j_uS t_lLo (_£>i3 
vIjJljJ VULa KRL, (^^ ijj-ij-ij jIj^>.j_Ljj w *J a tLabie^a j-Laj CjL^>.j 
^LojjiVI jijjj ^jVI 3JL>JI (jy^ i4l>.ji jl (_^aJe-uJ SjLj Lal aj\ "if 1 (jSLaJ 



Ifl9 



4 Ij i njj *-&>-5 O"^ (*La^ J *^< I ' . " a 'j' a 4_ul!tll (^ Lai i(j-m»U (j^aUs-ZuVI (_ji£. 

«L>.jJ_) Lljj-3 La ?■ j^_4-l (jLS I]}! La j-jj-dHJ 4_aLc 4_dJjJa i_£jLlA (j_u_jjj 
(j^ajl ua-3eJJ (JJ^-J La LjJLcj . 4ji^. <_2jjijJ! t_4j*j (_£JJI i_i3jl! (jjs i ^^LS 

(jJI i_5jJj J-3 ^j^i-Vl ^j^'l .,-. -^tl j| pjj.1 <j-SL!j i 3-ij-Lta-l I «jill 3-aLjJI 
jLkjl ,j_a jlj V 4JI Jj 5 il LLcSUjj ,*JaljJlj rJ>«-iJI ju jj^i v^jLa^Lo.! 

(jlalj-cl (J3^3 LaJLuLS '■ V j 1 ? a IjLa* CjLa^Lo-V! 0JL& JjLkjj LaJ_t£. l_o3^a 

<LuLi 4^t£» (j_a (--iL*_i «Li£jj i jj laid i£\ » cQjL-al *_a d j mi 0" a ^ij_a j^^JajjJLl 

■ Sjh^i 3Jj-Li 4ajL%al JLalo.! w '« jjklll jjjii^. c_<Je-j3 i«loose cough 



4 1 n "1 -tt_a p j iiS ^LSjal JJl^c_i (jl (jA_ajJ . (jjJJIj jij_U «JSjjij i(_p3jJtJ!j 
Jl^3 Sjtjlji] 31*Ir>J.I (djil! Lai iSULil cLimllU 2 US "■j nj^JjVl ^"n^Laiil 
JS i"i IL JjU" 1 nil 1 fTrr-ij OJ^ ''-*-* Cr^-3 '<Jjj' j' J aj-al J! ij-a^s-l (jj£j 

: ^LJ! 

JjU" , ,,1 1 i_ojjjij) 

(((La ^j) JL^jSJ!) J^LJI) 

(((La *ij) 3.4^1) ^psjjJI) 

(((La SJaii) 3_^iJ|) J^J.1) 

((((3jj5 J-^^J-^-0 CjVLi»Vt) a-a-L2JI) Q^iJ!) 

. d 1 <injj\ CjLt_uaj_aJl ^j^* 1 ) (jVl j^psjjLJj 

(jl (jSLa-ij njLSLil 3j_uJi! !_ya\jJ>J\ (_JJL>.I d-«-J^ aJJt JjLsoj ^ a-i-2JI -I 

.array 3 '*» j a 1 a a jl i3_CjjiJ*-a jl icLoiS jl i(4^lj oj^-J 

(5jL£) : JLLa 
((((j^aOiU^!) j^UI) 

^ J I r-l L>. )) (ji! _^3 (_gjLSLi! Sj_L«Jl! '"'I a-UaJI JU>.| JJ* Q5U! (jl I J-A (_ ;r L» ; JJ 

(jil .«j_ixal» (j-&j 5_*t!^ W 5j_mJLI 3ji^iL>JI a'jJt (jlj iattribute> 3j-jjj-a 
. ((Qj>.jILU-(_£jLS_U 3j-ujJL1 «Lj_t-aL>J1 d-a_ia ^/t "j * > * I B 
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6,..,l,S..flJI obLSJI 

• (j ? U 1 1, 1 jj ' " '" ty^ '-^Lta j-*Ji o' 

((iiisi a^iSJi) g^o 

(((4 ^\j^\ JjJb) J^jVl jjl«0 

(((3 J^Vl jo*) 
diljj «4» 3jl>JI ( _ ;r <j/j£L! «(J^.j^l jjlc Sji^iLa.)) <La-LS (jj£3 4jIjuJ! (^ 

^y-i-ujS (J^-jl ^JUu 4_jJLjJL>J1 4_a_jJLJL) «Lj_u3ljIl3 2f 1 4_a_jJLJ1 OJj_u-*-ul jc3 i«3j_>Jl 

.«3» (_j-&J 4^^J-«-0 ClT I Ir-ll (jjJ-Ilj 3jlJ»J! 

iCjV^ajJ.! <j-a <LajLa (JSLiSi ^yfl jijjSII ojut ojSuj . constraints jijjiill -3 
Cj_iL^ I jLJ3 ijl j'rVI *_U3jjj OLs^Ia-uaJ SLLuJU «L»jjJI jajJDl aJJt ^jjseJ 
tt n i ii j ^M-3 (jS^J j«J !il Lai ijl^jill «_a d j ui a" a L#j| I JLA ( -5 -<-«-« (j^ '4J3-iLi^5 

A a-uul JL>.Lj (jLi LgJ 
j_a-«J!) : JLla 

(((150 ^Jaf) 

. I 50 jj_a j-IiS I ji jiiii-i (j- Jjai J-a-nJ! 
j^JG LajLi^. i^jjiill (j^a <L-oL>. 3JL>. ojutj .possibilities <LiSLa-U pjiitl -4 

, La 4-A^aJ 4-t S -aJJ ^s_uL) I 
^j n i-»J1) :<JLLa 
(((tij>a j^J-a) 4JSU1! («aSJI) 
j-£JLU 1 a its i^/O-^' c/^-^-a-J-^-J ^j n L>JI d a < aj cUSLaJJ fCJ-^Jl .iJL^lu I ' ja 

i(j^il>JI 2 A.^t neuter ^Lla JljL=»JJ 3-ajJa -IU<-V SJ^Le-a (_gl ^LULj niujllj 
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q\S I jla ojjiill £yc juljjCM (Jj^i-I 4ijjJa (_j-aj ..intervals Jj-aLil! -5 

(((150 j^) J^ljis) 
<_ _>l mtj (i. . i .ijt 4iij 3_ij^S-a)3 lijl^j «L<L> (_;,!£. Jl^.1 mj . procedure «lj^>-l -6 

. (7) KRL <y3 ^b 

'J J '"' 'fVSr!-^ lH - * ' se_iIa-uiJ i((7t_jjLjJl » (JlLa (jLp (—Jl ^ilLo %JaJLu3 

a JLy" 1 n" j hj^JjVI ajj (3^'j 1905 jjl-y Jjl (jl d <>j^> (j^^-° Joj_«iuS JL>.Lj 
tcjjLUI ^j aAJu (_jLU1 ^3^ jj^tlj l_3^j_u p aj < u 21 aoj (jl (J 9-^ C^ Jj-iUi-^Jt 

: I j£_*9 t 3 ,,!jj< 3iintl ojSLj V! Jaj-j^j 3_JLl!l 3 LmJI ^ 

(((311) J^Of.*) 
(((121) J^U*)^) 

(((990) J^!^) 3^,) 

f J.LLU 21 1 "A .0_)J 

((jo.Vl . .. s l5Mi]! jrt-SVI) jj^) 

pj-t-l-o^/ 1-AJ-l L-jLui3.J £.1jJ>.!) 

U^ii) 

(((((iicJI) 

'J S u "' 9 '(^r ' ^-*r^ JL>-Lj 3jl£,L_u_a 4_a_jli^£ «(JI» LL& lJljjjLUI 31 J I (J_<a_*jj 

.pQlniVl 

cLaj^iJI 4-<i-i3 Cjj_l*j I »iK jloJj (jl V^?^ ** ^J J J J->>j . demon <Llm\jj>. -7 
jLa-lj (jl 4jSLx-i (_gj-J! «jjjJl!-SjLJu!)) (jLp l-y^J (jl£l iLs . SjJiLLU Sj_uJll 

(j^I j_JlJ I gK 4_uJiLI *L-u!jj>. 4-Ajlij 3j Lo (jSLa-lS j . %.^-VI j| j_«j>. 2I (J3UI 
'.(^Lll! ^e_Ll! (ji^- d fl-JajJI oJLA (JiLo 3jLjS (jSLx-i .SjLi/il 
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6,..,l,S..flJI obLSJI 



((((twill) 4^) ^!j^) 
(o>U! jtiil) v^l) 

(« J j < i" i a j Lgj>J I )) J-a^»- 1) 

(((«^L^jU-J!»>^?) 



.hierarchies ^jAJI JmLmJ! 

object programming languages CjLjLSI! 3-x-aj.JI CjLjlI ^y^slji. «_&! <j-o 

t^SlJ SB I J 7r nil I S I ^ d 1 **' >i 1 I CjuLlSJU (-OJ-A ^J I ill I n" £l_Lu 7r <i I uj L£jt 

2 J j 1 La 1 1 '"'I a-uaJI Jl^IjIJ *sJ I jl L^jj^ ^Jl aV! oLJLSLII ,jjs JLaliVLi 
CjuLjSJI ^j-a d 1 1 uj t n L_kjjjtj ^ilLa ^A-* 1 ^ J x-l^j^ ^jLjSJI ^j)~ i n a iy-^- 

jjLLi (jl_p-i_fljjjij) 
050.) 

((« J-ii-£3 1 )) (jjJJI) 

((lSjL*) 
050.) 
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JjjAjLUI j1 9_>J1 

««LaL*_>» ^ q**i i ii a lj^- j-*^Li_a Jl>.^oj (4_aL*_i di\ a t ga) '.a 

j j LaJ V : t_! 

^ q**i i ii a /^L^, 2(J <((_£^ao> ^^"i i n a ^'Lc Jl>.oj 21 («(_£^ao> < lil d i ta) :a 

«j-iLla» t_£j**t i n a /^£- J^oj (1>^J «(_£jLi£» j -jLa * :* ) 

.«jjLIaU» <LaL*JI oLd-L*aj| *_a J^l^alu 2f ««LaL*_ul» '"«■ <* > -^ (j\ Jaj>.2t 

Handling objects hdLL&JI J§U-i 

JljJlkJ! <j-U (jjs i La l_kaajs jl La (jL£ (_j-Lc i— 3j-»jJ! 4j£, i"it, ^Vl (_pajj<->J 
Lg_Li_l (j_a (jj^-J La S^Lc ij^yjJ! CjLs^LkJI ' ajlje aJ 4lajljI<J,l CjLiLiSLI! (j-a 

«_a (j-ilj (.gj-H (jLiSLII jujl>o jj* , .J I U 1 1 j 4 (j »j jtl J i ..I i M~ 1 1 cjLs^Lc 

pjj^sai! (jLS I jLs Jj , ^.A'tlj Jjjl U",tl jj.ajjSLa^J jJJS j-jSLi 51 tajj I '"«! A,^.ljl I 

(jLs i jujLajJLi Tti! jj^'j-" '**" . j '*•" w . u^J"*" '""^ (j^ | -" i " >- . 1 ^ ^^ 

I j**' ^ o ulJ (j-* J ' *"* l? « i ^a.1, I aJjI j-*i3 <d Ul -»-S 4_JL>. td j rt i n" ^j <>.aVI ^j-a 
. J j i ^-> LflU! I (j-a j-ji I IjJ^ (j La «"' ^jVI djn i n"itl jj2 i^t I'r-ij-U AjJI j-fli 

oZolovits): ( jiil3jJji3-<- u ) 4j^1j cjVLs. i^Ji^-l iCjLjLSLJI (JjSLj La 3 jLcj 

i4-JL>JI oLdalj^}L! 5-ajLa ^ }L*3 l-i>>->a (jL^JI OJ^J I ajuc.-31a.uij 3JLv 

. i^'iti^ (_f J_a (^^ i.'it j II (_£jjcj C^ 

cjLUaljJLaVI 4_ajLa ( _ 3 _a ^LlSLII «_ Uaj u>^d * " ' '^-^ ^ "" 4_ui 3JL>. 

.ctajLoJI ijjla (_ya ^L»i 4jtxisjJ sLi^LCJI SjilLi (j^ijJ (jSLIj ' Ls-^jJajs 

«_Usj j^l i^JjJ (jlslj-ILal Ji (jiiij Ji^ i)£~i La Lkl-tLta uu j-^ 3-JL>. 

.4^ jJoJj joJ jl 5ujLoJI oLblj^VI 1ajL9 ^ o^iSL!! 

•.^LlII JSLvoJLi CjLxislj^VI jLlo.1 2jl ax < la ~ La SjLcj 

.VjVl ^liLuJI JLijI -I 
<lS-LoJL I jlcIj_2JI aI jlj>-" i iiL a o I" -»J, I cjLJalj^^LI cjljUal ^-^aj -^ 

.cjULJL. 
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6,..,l,S..flJI obUSJI 

jJa Lx_a tc^alj- (_^<-JI cjLjLjSLII i"«I ->-jU , „ - 1 ^ ■ '-— j ■ cjLusI^II^VI jl ri^l -j 

(j! JL>-J I jl i(t_ i) fljlajj I ^j]\ SjijjlI! 4-ul£Lal «_a iSjLjJLa. CjLUstj^t i 31 LtaJ 
^—oLlj-aJj 4_Lu_ot 4_o*oj ^2^-4-JJ .jj>-Lj (J J i**( i ii 1 q\ c_t^t_l ^—IL^I (_paljli£2fl 
w I c J_«JL«JJ (j-J-II ?y_aljjJI (jLJu dJJj ^^ 4Jl_Ju '-v^tl sLiUal 4_lLsX. «LcjI 

. Jl£.I_j2JI SjlcLa 

4^e_i^3 j I i " -»■ 1 ' * ."jj; iJ^^ o^'j-^' ij- J-"' -!5^J Cr^-p* '•*' "-* 

0J-A ij-^-i V^H q **' ^L^-Sj-a 4_i_ol_Lj_o * iX^a-j-gLa-jLaJI ^—3 CjLualjIlB 2(1 3t_ujj>. 

.tijLUsljiaV! 

<-, ^ ^ -.. | j| CjljLxIi.1 3jLc .- I La c | ji ij ■ V-'aVI jLlo~V! r-ljjiJ *uj -J 

2 i j I U 1 1 Jajij_<iJ! -i go3 



Reasoning from incomplete information, and by default 

i—jLj-C. (0-C.j— i 4-jJVj" i »V1 CjI j I a » tl -I La « aj aLloJI jL-u-iVI » .U". , .. i 
4_ti2jJ! JjLuuaJI 3_a«^La aJLC LJj_iS_flj SlSLta 4-uLCal ^^ i.~ < -r J I 1 (j-U JL3J 

pj^J! f-Lul ^ 3_i^3l_cJ! tijLayLdl 3JL*. ^ L^IAAJ ijlj-SJI JU=3l Sj^-i^ 

(j^ oJiJ-a-"i.il i Reiter jJLjj . U ^. V L*^ il_L& (j-aj . Sj^a- uJI <j-a (^JLjJI 

» laj i ■■" fQj 1]}l» (ji^. ^j Q u cl^tjj-t-a 3JX.L3 (-£ I iLa ' ^ vl ^L^jJl ^_alj-) *_ujj>. 

• ««..»(j^j iCjLaaLtll 3Jl£,L3 jj_a 4_LjJt_a 4_aaJL«-a y-Ll i" t o) 

»1 J ("i^/1 -n ^ * rt B ^JN mi JL>.G 4- U -q- t jl 3Lj_>j1 /J& (^jLSj^JI p^«1^ . »1 f (** ( I n 2tl 

J J J -I Eu-« )) LJj^ JlLa lLL! jj .« I jiS d riir-i L#J «Lui/VI -i La « a " ji « IjiSLa 

.«. 3jJ La-J I a i4_aL»_u1 I JLc La j alia II » ^aj i ■■" ja_tlaj1 )t_j_aj>.)) ^^.ulx-i « j j Laj 
Jlj ^i_3 i4_Lola_LL1 4_o*Lul £jja 1 o j\ < n «_auj-Aj1 (j^oS-i (j' ^J JLJ ' ^ ^J-^- 1 ^ 

(j-C j j j »" II (j-a JljV I J_A w I c j t <LiiLLaJLa <l J i a 3 (_g 2 CjI»I i""i i nVI ^-j-«j>. 

-.(jJLlJI JSLiJLi 3_liLcJI 3_Lii>JI 
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(l>")>t^ <=== ^j (o") Jj>taj 28 ((j^) 3_aLLi 28 ((jj) ^jLL (^ 7) 

4(jlj»_j_Lajl » „ ^"' ' "" 3_}Lc jajJaJI (jl ?t"1 f"l i u t (jLi I JLA Li] y qini A (j^-lj 
i_ii1 JLA21 JjjJijo (j_a cu J_l 2l ij-ilaj «(jjj» ^t^A-J Ij-lLLa (jl ^-auj-ill Cl^uJ /^5Jj 

:3_JLi]l 3U_.,„jtl 
jm La i * (V^J-J M-^^ icLal_«_u m tu J /yu 
(jl (j^ J?- ^-^^ 1 3.}jL»Jtl ClLajUU i " >j i -»" 3 ^ jJ ^M jVi i ii a (jjSLj (_g jJlj 

.JjLLs ^_A «(jjj» 

(j-a JlcljJS ^J 2! *L>-jjJ! jtiia ^ JLa-" i n"l (^yjJI /J-alj-JI J a i"i" La SjLcj 
(j_a I fljlr Jj'mn (jl <jSL<U V ((_>u) <-iJ 2 OtJL£ ! jlj iLlLi^ (jj (jl^ I jl» PaJ 
jj_a 5 >SLfl-J I a<XJb i." i i ii j tj «4-J3.sLi^5 ((_>") ^ o^LH-^' O-^l "^LJLiill SJlcLs 
?^aJj|j_l 4jlI ( _ ;r 3 SJlcLoJI aJJt i."i («i i<*i JlSJ .^J^fl 4j>.jjJI j"'« jc_ukLia 
J-al^ai 3 La ■ g |j ; ' ' 8) MICRO-PLANNER ^j NOT, J_aLjJl! 3 La . .. Ij ; 

a j_4 JiLa (jj j_i J j _■ La j 1 1 SJjLa 3-5=-ajj 3JLI (jjSij (jl (jSLaj Vj . THENOT 

7^o-U3oj 4-lAJlX I JjjLo-^JI (j-a (JjLa _}Jlc ^JsLUal (n**t~*-**M < u L^JJJU (j2 iSjLcLoJI 

. 5y_aLij_JI (^1 
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^$ ^t^A\ yi^ ^\>k 1 1 



$*A\ 






(jSLIj ii^jjiJ! (j-a f_jj LgJI (^yl^. rJ-Jj-JI jl g^-ij U i"i 1 1 
tiJIjjl ^Ir SjJl2JI aJlc (jjiSLhj La LJLc SjJa-JI aJJt 
,_LiiUJLl! 3j_U o^tjj l( _Lxl=tiU SJlJLJI ^u^Vl 

ijtjaljjl ^j^ i^j^Ia uiJI <_— <-*J wjsIjj (^yi CjLaj 2I dol 
(^ 4jJLc 3*Lo£ CjI j "Lx-aj-AJ j»jj^i- i_al uijSI ^1 
L_jjL>. aJlj^- "1 i ii J /j-^-Il CjIj^s- i"iT1 4_j_u ^—3 c^s_ul 
^j^ 4—lSLq-U ye jj La ui 1 1 *Ja3 CjLSjjs. *-jLu Jjiuiil 

■^jir'.MjtjL^iyi (jl U£.(2-I4 jSLiji^!) a^uiiil 

4_lS|jjV! CjI j I a »tl (j^ijj r- 'j La ui ^ Jila 4jjl! ( _^3 

J mi ri II j d UU-sJ 7-La_Lll ,_£jj (jl (ji Tt-aJaj (_^lllj 
(_j-Jjl ,j_o guj U i"i 1 1 t_LJ«J J-olj-J «Lu (jL^ JJSJ 

jjjljj > w *~ 1 ~U ,^VI ^L^JJI (^ (j-^s-LJt cjLaLilal 
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aIc u^ Claude Shannon qjJ Li J15K tio- Lil J UJ.I Ijut^ jKaVl ^Jjl 
t-jJ12I jJsj . jijij <_s^c jja «(_y^.l ;U,^VI ,;KjJI» /<u-u! (jSLj («J LajLLc 1949 

^j-^Jl jj-fi cLc^-<aj?e-aj ly-alll iy\^- L->>-* ^j^"l 1 ntlj «_ijV1 ^J-u-qHJ Lauaj (j^jLi 

,3 = (jL^^JI '3 J^l .5 = 3_uLlaJI .9 = jjj^JI) 2LifciJtt g^U ^ fl ^kiJ 

jUs-^Ll i3jjtl!l pLbjl <j-o » Jaj (_gl (0-Ij2j U& Lj-al jirli.iV i( I = ^gj^ null 

i(3_&UJ.I Sui^JLU! o^j^ell! jjlc) 3£j^»JI j^Lc- 3jJaJi]l Sjjls jLo^VI ^ 

(jjtaj ( _ ;r 3 «L>-J.jj_tl ji SJjjjjttl j^l 1 mil 4jJLj/ 'Laj^ - 1 U «■■ |) j£\ 1 mil 1 J la UJ 
(jja *-jusj J£ (^a-jJa-cJ! ^yfl ^j^aaeJjJ 3KAU 4jJL«I <L>.ljjJ3! jlSj . (3_ujJI 
j-la-cJI «J ijj jJI 4_iic: (_£ jJt (_4£:>U SjSLoJL I cljl^jj! £J-*a» Cr 3-4_L«JJt pL^jl 
Ijij Q>^ O' O^-*? Cr^' ^ J ^> > JI i_fl£j i4 n 1^1 -»J 4_cSL«J.I -SJ-ij-JI f-J-s^J- (^ 

(^ i—^^U > JaJ J . '-Vai j^JJ (_gjJ3 (jylll 3£j_>JI jLlo-I j<u i4jjti)! pi Jaj! ,j-a 
. jy-oLj-iJI 4Jj£ (_gj.II (_gjL»jlJI t_ijSjHiI 4-JL 4L>.j_a 
(Q_j_jJLj y=_aLj-j j-jolaj (J^-l (j-° 5jujL>. 1j-uL«_a (j^jLlu r* ' fll> j^Ji Jl9j 

Richard Greenblatt hZj^Lujj^. jjLiljj 7-j^al J-ia .rtJjiajiiJI £u«J pLbjl 

(J_i-aL>JI c_t£,^UI * J7~ '"m^p-aljL aI JL>**n ul 4_j_LdIil] q h**i i ii^ ililfujLa J^-»-o (j-« 
(j j 1 11 it! (j-oVI (jjjLul! j^s-Ij •» La-SJI (J I J j~n ul (jlr JaLSJjl jj-o Jjx. j-j^I (jlr 
(_p_a i(j1_>Jl dll j J_Lo (_£jj>.| j_uL«_o cJl>.J| JlSj T 'J '"'^ (^^-° (j- J^ 
ojut 4_uutl (jl VI lA^jt^Jl CjLul£Lal ^^ (aS^tlllj i_^Jti!l j^J-« (jr^ O - ' *"' 
(j_aVl A j n itl ^LiLa J alLa ii_i « 1 tl >l_ij| jjs- V OJ9J (j-o i_iJjie3 Jl^ j_uL«Jll 

.(_4jtill (j^s 3 "'j\>J^ g-lalll ojujI^I IaK (>£LLiil (. Mii'tVl 

LjJL>>j lLLIJ j j"r 1 1 ye jj La ui 1 1 l_iJli) jy_alj_l *Lb Sj_a JjV 7"J-J^I LaJ-i^.J 
(jl «_a .^t* I '1^ .---VI «l^jjl ^Lal 3 K mi a ^>fJ' Cr^ 5 " J-P^d J'j^J ' I 1 J t^ <* 

d^uLuiJVI JVjCL^VI tfjL, £-a Jili V (1984) jVI LjUo Sj^ljiLI ^Ij^ll 
LiA «_Llj combinatorial explosion ^^'alj'.tl jUciiVI q\^ ■ JjUII J^l ^ VI 
(j_3 pLuaj^/l (J^-l (jja-idj ' ■■ rt tilt^t_i ^Ijj>.I L^Jt-o (Jj^**! 1 n 1 pi 1 n"V1 (j-a 4j>.jJ 

Ja. (^Jl Jj^sjlJI ^ 3K uJll jji^cjj Ij^Jj 'UjjJJ (_U^>iII o^-«j (jlII Sjjtill 

Ajl£. (jjs jai.jJLi iT-LlLI O^^II JjJLs- (^ 4_cSL«_I.I JjlsJI J i<i'q| (_gl i Jjjiia 
4JLjJL>. jj-a (jia-i^j uiXI (.St- ill ^Ijj>*| gUL^-**i 1 ul ye < >-**'" j .Clt^t-ul 4_lLj^. ^ J l q\**<< ul 
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. 120 <_>.,! lO^j-Lu a^di a^tiJ.! ^L^/>U (^KJI jjuJI 

/— J-3- /J d i ■■ * _ 1 C I (j-° t4-i £LaJ yl CjISj->J1 5jl^- mi -n 1 1 a Sj * d utlll (-J3 cLuLUI 

<,J L^a-aVl» J>JL»-y La SjiLcj . <U 3 i mllb «J.VaVln fj-il! JJJ-J! 4-JLc (^JJ! 
(jLSj it, i » l_t (_gJJI jjt jjia-u2 (jLS I jLa . 3j)JL»-a d ^J J ^*i^ a ' "^J. 1 *-*■* 

i (^j^j.'N 1 <^-*-'-") ^ J J-^-" J-S-jlII ^ 4aj2JI JljJj ^ylll £>3^! jLlaJ (j' 

. minimax algorithm ^Ir Vl 
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13 



W 



j4 W: Wight B: Black >jj 

4-jU» R: Rook Kt: Knight jU- 

dXL- K: King Q: Queen y _ J} 

Jj B: Bishop P: Pawn is_f~~* 

4s~j\}\ oLi^j ^JjkiJl «Jaj >U"i 1-14 JSLi 
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(_y^ 4_5c_UsjII 3_L«iII «ju tijl^j^. (jJI j-LaJ! i Frey ^glj-a 4^jla iIjl»- 

jy_oLJj_jJ! (»J-2-J ■)> j"ia J-A La£ jj'^J..^ SS a S- 4 ^' I JLu (.^-I'j '2- 14 (JS, i"i 
-n 1Q Sj 1 aoJijj icLuLLaJlj j-jj^Jl CjlSj^ti 1 4-t S -aJ. 1 CjL£j->J1 ^j_a /J-i1ajI -*i «j Sj » 
4_a^Lc x_Uaojj . Jiau-u^U (jLulj ^j^J , ' L)Lkj^>« lS' ^ 3 °^ C^"^* ^J-^ '"''' 
ji ^j a j J>t I jjjjl (jLS I jl La tc_lU3jjJ SjjIj jl *-JJ-a JSLi ^^ J-iL«J! (^^Lc 
4— L j r e-u IjUj-u 2f 1 J . («_AjLiIo*1 c_<_uj3 t. 1 1 gjeJ (C^jJ La£ tc_i_ujIUl lJ-$-i -iou-u^U 
M A '" , ,.l 7t_Ljj jLlitJ /Su\ p^j-ill (jl (—ULX-l i((Vjt Jj^utJl)) (—A gLaJL^-"i 1 nil 

".^Lill ^eJj! ( -5 -l^. » LaJLll CjLSjj>. «_aL)j-JI ^j a 5e fljj 

e5-e7 ^j< ,„r e4-e2 l ^j<,, l r - 1 

d6-d6 ^j'C 1 „r f3-gl (jL^aa. -2 

*J i 14- <^t_u_JI Qj^tJtJ i5 ? <Xj (—3 c\_uL$_lJ1 4_a_jJLl1 ^_auj-Ajl <■ < 1 n"tt-)J 
i-SljiaVI 4jL$J (^1 J i*aJ (_^o- I JSL&J i > i<ij (^ 1+ 3-a-tS (^1 Lj Jij-a j a" 1 nj 
-n )J a-t 1 x—al—ij-jJl ^3-^-1 (jl J^*-iJ . fiLa_iaJjj ^jL>J1 /JS> i"iT1 ^—3 j -"-^ d * 1 1 nil 
i^l>- iJjLlA (JliaJJ ij-*IoLi_a LfkaliJ (Sui SjJLatU <3_a_jJLJ1 £JL& w La *" i La 3 ) ^ 
. I (j I r 3jjL^e_La ,_£^>.| SjJLc (j_a 4_jjI i ( t _ = ^JLc T (_gl) J i<iM 4 njiij J J j~ 1 n"t 
^—J! /J < **»j^ '(&) jJL*J1 *_ujj>. f<s_ia^J jj-a ^—^IIIj /^>- 1jlS_A ^_aL)j-Ajl \ a"i i u ij 

^Jj 1 ( n w i^~ ) La **' ^3^J i3j_L»_a ja_ia^j cJljLLaj ^_a1j-J1 /] tJa^l a JL^-"i i tUQ 
t_^ c-j i^Lutill 9-Ldsjl (jjs Oula J-^sj J-i^. .(j-!Ll)I ila-uuixll J<! Mill (^JI-JLill 
(jiajj^L! 4_uojLoJI CjLSj_>J! J JjlI ^Ij-ajj (jlaaj/l (^^JojLa) (j-u3 i((jia-ul (^^jajLa) 
CjL^j_>J! ,j-a (jSLa^s JJLc J^^( o'j-°J^ O-"- ^ "■. ' ir> f-^J iAjjlLI! (^ Jjjj/VIj 

((JJlA-CjJl) 3 + ((J II l^>-< v 1 lr-l) 3 +((JJt3-t_l^) =J 

ijjSI (JJ^J ("J" (J l£>^^ =La_LaJu (jjiLaj) (ji^jial 3j_La jjl (j-" 1 ^ (jr^ '3 

cuLtjji! jjlc (jL< LiKj ij-^I 4J So-Llil S^^iLiJI luL^j^JI jjlc (jL< L«J^ 

.,_pL^ sl_La-cl ^l t-Jj-^l (j^ LaJSj ij-j^I I j~ -1 > I j a » xLaj 1 uJ (_^lll 4jj^jJ,l 
3-jjJJl! 2- 14 (_Lt-«i ^^ 4^txiajJ.I Sj^a- i"i 1 1 /yla-maJI ro-J-ill J^ 3- 14 (J£-<I/ dr^iJ 
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(5) 



t_gl j-3-t <_<Ju 1 LfcJL>.L! tj^J iVl r~ **'**' a ' (jl jjj«-a-i (y&Jillsc-a £fu&)^*S 4_i£. jJ3 3j_*_iIi 2-14 (JSLcu 
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• a t. 1 1 uLJjj 2 5, ' aju\ {j\ 4- 14 JS mi tz-us^j LaS . «L?e_u3aJu 4_uL$-ul rft^ij 

.p : e2-e4 c-ulL q\ ^^j;*^ t;r Lc v^ '■-'-* cr^J ' ' + ijTj'^''^ "Lj-lUI 

: ( _ ;r Lj La LtaJLul ^jjLaJ! lIs a. y jj 
:^LJj_L_<iJ! i_mJ «.Lul 3 j in-»JI ojl^j La^LLI ^j uuJl i_^.^UI ^>2j V -I 

(_£j^*j LI (JjLa ilaj i iixi VI ( _ ;r a La <U i n-»JI OJLA Ur^S -^Lil! SjJLlj) LgJLa 
i4_util! pLiIsjl (j-a 4LJLa '"'lj uiC (*>2j V (jr#^ 'O^' Jj>'- U ^ ^^-LjJiI ;y_a!j_iJLl 

. S jljjlc LaVT j»j-S3 Jj 

Jj ^La "J '"--'aVIn ^jft SjLijJ,! cLLlL^oJ! (jj^j (jl (jLa-Us dJLut <j-"jJ "^-1 

<j-SLJj t(jLi i n-sJI (^ jLiSLII (^0-i^.^UI Lajui-Lj cjIjLq^.1 tiJLuk (j_$£s (jl (j-a 
. (ojj^jJI cLajJij ^^ LgJL>. jl ^LlILij i L^-il i U3. I jl>- '•«'--_' 
/jJLc ,jji Jjl (jjijjLi <L«-aL>. <j-a Jacques Pitrat CjIjILu dJL>- (jL£ jlsj 



Terminal 
position 


Legal 


Moves 


Moves to check 


Center squares 
attacked 




White 


Black 


White 


Black 


White 


Black 


5 


27 


29 


2 


3 


3 


3 


6 


27 


32 


2 


3 


3 


2 


8 


33 


33 


2 


2 


2 


2 


9 


33 


27 


2 


2 


2 


2 


12 


27 


29 


2 


4 


3 


2 


13 


27 


29 


2 


3 


3 


2 


14 


27 


25 


2 


4 


3 


3 


17 


38 


34 


3 


3 


3 


3 


18 


38 


22 


3 


3 


3 


2 


20 


33 


35 


3 


3 


3 


3 


21 


31 


33 


3 


2 


3 


1 


25 


30 


34 


4 


3 


3 


3 


26 


30 


29 


4 


4 


3 


2 


28 


29 


29 


3 


3 


4 


4 


31 


30 


24 


4 


3 


3 


3 


32 


30 


28 


4 


2 


3 


3 


33 


30 


23 


4 


2 


3 


2 



(5) ijj^i u*j - jCycJi <i^»jJ Jj> ^L^- 3-14 j5w 

LsjLa ciit-cv / Wilkins j-&Lj <Ujj *u ^Mc:I (t) ^ 2l*_U3^U 3 Km, 11 

. 5j^> mi 1 1 ^j^"- i**'t 3 lj ( ua$ high-level shategies Ljl*J1 CjLjj*_u>jJL<_jV1 3j£^ 
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Value 




Value 




Value 




Value 


Node 


from 


Node 


from 


Node 


from 


Node 


from 




Minus 




Minus 




Minus 




Minus 


4 


+ 1 


13 


+ 1 










7 
11 




+4 


10 


+4 


2 


+ 1 






16 
19 


+4 
-2 


15 


+4 






1 


+ 1 


24 


-7 


23 













27 









22 


-4 






30 


-4 


29 


-4 











(5) i$\} 2-14 j£i Sj^^i j.i^ J! J^sj (CjB 4-14 JSLi 

, I ; < ^a-,U;'a l_g_La «3j mi A\» I jLC-p^j_iI I 3.aL£ Jl <i itl lj-& (_L«o- j\j 
i— SJl^J! (JjSLj JLSj .cLajJLso i— ] allaJi, I <— 2J-gJI «j-Us /y3 « ij ui j U » <_3jjj '•^P" 
Jj jj d 1 1 i £J I U ( _^lS)> J I « " Lea-Xl Jj-jj-oJI (j-* ' - ' " J I <l jLlaAjl 0JL& JL>.» ^_A 
<_3J_$JI jLool ^jJ] L^JLlSoo (.J-SJJ i4-jilj^ Lai J-&I ;y_aLjjuJI x_UajtJ i<(jo.VI 
» lU".tl 4_ijs_uIjIo_u VI 0J_& (Jj-o a JLa-**i i ii ] (_£ jjl ^-oujuJI » J^**' ' " 'J . /j i in ijJI 
d J T J '" ij^ Cr^ d ^H** 1 ' Jj"^" ' "-' lS 1 -^' j-o^fl-ALa^U JuS I jl ^>>- tj£; ni'l 

(3-j-SjeJj tS^p (jl!! <_jL£joJI jLpi-V VI rLl*j V «uV- L> iajil<^II lii^tJI 

.iLuij^JI i_aljufcVl Jo. I 
4_ljc_l3|j "i i hVI J'C i"i cL2_l2oo i -1 j I La 1 1 ^ i in'tjJI i— SJl^JI d <j iU JJooj 
1(J ihmj <-SJ_^ii diill 4-jLio. 5y-aLJj_JI jLli.1 I jla .j-aLJjuJI LtLuIj ^ylll 

J-Jtj JJ3 dili (JjJLxjJj (I) («J3j LuCj_3 La Jut I j_& « ; ■ ajj t jl <<iU JJJJ-II 

iJjiJI tiLjoo jLli.1 I jla S (jL^uJI jl Jj-ill ^Jj-=j o' ^ ^ ^1 j-^j-^' 

4^j_r«JI oJUk J!la (ji jjjjx. jjkj JL9J • (2) (oJ3j LiiLj^ LsjLA dlli •» j i ^j'a 
jui.1 (_gj ^ i nf >uJiAi ,j-a J-J M-3 I JjJ-Jj i4jLao. (jjj j*C i ntll Jo. I liJjuJ JL3 

Lajuk I j_a g-j^ajj iJj^I! i^ij-^ <jV^ Jt^W 't!-*^- o^ tS j-" Jj^' 4jUoJ 
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. I JSLaj t (3) *2j Lii^j^ 

<j-a much narrower <L jj jcx-a j^l 2j-^-j'H jufc (Jib (^ jLt-Ju^/l oj^J 
pLuajVI JJLC (jAAieJj Lo 1 1 *i<* J-^' L^jT VI . ^>>j^" . ■■! I '■'''*»■ j 11 j La- i"il 

' .'J "j •(j-jL-"i_lVI u-t-C^I 11 <La-j^JaJ J_«_«J1 ^^ 7t_aLij_jJI iJ-i-J Ij-SL-Aj 
L^^Litj t3 j -»• j "1 1 oJLA JJi ^ 3_JLHLI vZjI^jjJI jjj> IjJLc 4-L3t-ulj^uVI 
iJ/GjLjLilLa J/GSjj>. (2?^-) ^JJ- 1 L)' (l)^- 4 - 1 1-* *^^ J^>-9-l V ^Jjl " w 0^ V 1» t.S-»- ill 
^j^S-i IJl^jJ . Ja jij-iloJ 1 j-jjuj 4^t_uj I jl o^ 1 1 **>-*■ Mill fQ_i^23 3_}Lc! ^j^?e_) «L)V 
. 4Hje-l1I 4iju^iJI 4j*_uj ( _ ;r J*_uljIL<j/'2l ifjjl mJlj 4_2jjJaJI OJL& <j1_i 4jLiij (_gl 
(j-a Jb V 4J2-J ■%»'al i^j-LM 4 mi* (^^-ajJllII cLiJajJ *L>-L>JI Cjj^Ja JJSj 
' d^ &X I c-^j" i n" /^ll /^-ii i n t VI c_t£,^Lll SjJiu ^J^t-o <J^t-i L4-1 1. i i nL>J1 Juj^JJ 
5j_aLJ_j_jJI jLtl^.1 OJ^ V JLSj . SjjJijla (j'j-* Cr^ ^lL^i^Lj ye ij La uJI 4^.jJ (^yi^. 
Jjl" 1 l)_9^J o' '"^" (J^'^tl <j-°J J '-"'^l I JLlII j-A i_ajLLi^JI 0JL& (JiLo ( -5 i^. 
(-;r lJl 4_j_lj^j*-I1I Jjj t° * I 7t-l LlaI JjS" 1 11 U iJ ^ 1 ^'ilUjtl ojuk ^Ir jLiUcVI 
(jlr Sj^icj . J uu 1 .ill (^ 2 -1 j la c SjIjLs I j Sj-gll ^ jf^Ul (j-a 1 j Laloej 1 ■■' 
i(j\j£.^Lll jLo SjLjji t_4jdll (^ LjjjLjjs ^ ^1 1 eaj 7t-alj_i tLj I ~»U". , ..I I j| niilj 
.(j\-i£.yil\ jLo Lj-a jj?-" 1 nj ( _ ;r lll CjLoe-u1jIL<j/VI (0^5 (j-a LcSLx-l 
^JuLu «Lclj-aj 7tJ>Ja-mJ I <■ ijuj 7c_alj-i ^Lu ^—3 7-Lse_ul (j\ i d-i-LcaJ ^jt -i^-ij 
(jJI L5-i>J J J " a '•j^Lc 4j>-^j ^jX 1 lla-LoVI sl^jdl (^Jl gjj-ta uJI 3_uiJ cCLuutl 
Ij-uSLa d J * J J CjLiill (<i^3 ^^ LUajl j-jJjj i««LLaiJI» a j j a 1 J .'--.'a I (<i^3 

^•Ojl iiitl )t_3ljj_i Lu^jjt-o 03^ "-* '***■ tj ^ l^>-*-° f -^ * „ ^"' ' " i V Lut Jl)JL»_i La 

j_iLt 4jjS (_£ jjl 3JjLlaJI t_tJ(J 7t_aLij_i ^1 j^jj (jl i_ijjJaJI (j-ai 1 lj_ii. Ij 
j_LJj_u i_3jj^.I jlsj . 4jjti!l (^ joJUJl (Jiaj aJ-A Ji^ Hans Berliner j_Ll!j_u 
ij—AJ-ll c ^»-aJ Lz^- ^a-^1 Jj-^ J^ tj^" " "^ 4_AjL3* Jl9 cL?E_aLjj-j ^jt «U_oAj 
(j^3 («-! ^£j^>- 73 (jl-J <j-° 8 ^1 4 j till *L^jjI Jjlj 3jL>. sLij/IjJ Cjj^Iil Ji^j 

t(j <- 1 ; U ,^VI s L^Jdl jtjjLj (^ J-i>^ ii>J^>- j-aljJI ^ I J-* 0^3 -(j^i-o 

JjL-u^a ^—11 i. 1*111 pLuajt /Q-loJjj ^—3 4-qJl^-**i 1 11 U tc-ALLLI ^j^* I ^uaju j^^-4-iJ 
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C£->£3 ] J-^ 



■ Lai 



4_ujt JJI 2U ,ViSH jj^? ^ J^| 1S1XI Ja. j^pfJ 



jl i^LSjJl CjIji i*t~wl (_!! «S al^xjjj jj_a (j^H C^i ^ a -*' ' d^p» (JJ-a (JjL-u^a 
J_«_> La-j3 I J *«* CjJLa-~iii .1 (_ 3 J-I! 4jj_uiijjJI CjLJLj/j^Ij j ui j 1 1 i_y^\ 3K Mia 



(l '^jLJjjj ^JpU^bJ! Jlill ^j^j . 3 JSLiJ LsU^ Mhtl jSLil! ^ 

. Evans and Bundy 
yr "i f"i i n"j ijc-j-uj J-^-I Lila.dj I d ■ a j zjl J_>o (jl ^-^ fiLdjjJaJl ^j a se LUQ 
3JjL>J,| ^a 3JlcL2J! Jljo (j-I SjLcj ' < ^<JJ i_£ J-M ("-"-"j-JLi (* j - u J i_P "^iP 3ji£.LJ3 
^1 Jj^sjll! «_o iCjVLtoJ SJlC jLlo.1 (jLo.^1 (. ilf I ^ tj?-*-u 4JV i^jVI 

m£JJ1j i^j_ujJU fj la d 1 ! I ' a ' ga J 1 1 ^j-oj (J_u_4-i (-J! (J-i-^aHJI c_^t_i JLiJiI^. 

ajjj/jJ! (j-u <-s^to-Vlj <u Mill cjLjs^Lc ial£ (^^c. j-iojil!! «Uj/Lj/? ^Ir (jSLxj 

^j\ ^" »Vls tijjj i L^-a Jl^-**i i u ) (jl <■ i i uLsclJ (jS_4-> /^>" 3_iJL»_a <^t_u3lj ' j'*~*- 







V j j^<C lit- 5-14 j£a 
(jjajlll ' a-LaaJI (JjSj (jl (jSLxj . I jiSLflij .. JLt^^lj »l g i .i^/l (jlj CjLJS^LkJ! 

tMlo^l^S -14 JSL^ ^ aJL-o^I 
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: ( _ ;r a i— J (JSLl/ ^jl\ I (JSLl/ j-J-«J (jjJI SJlcLoJIj 

'■ (j U «J r- (ji^- 3 .' k" L ^-^- (jr^'j 

.4ii.lj ^ SjjIjj cJTLo : J 

-(_yXC)) (jt-Jj q -»J,1 l_i_jjJlILl (JK i'iVI i>J-#J (_gj_ajJ! I LuaaJ I sLb ^jSLx-lJ 

' * 'J _' ^ x -" 'J*** i"iH (j^ «Lui/VI L«jtjjjL>- (jjSij i«^yfl "";>« 

(«_>j_a 3j_l! J lUj-e-a-^ji^,) : I 
(JS i"i t /_ Aia-xX I (J2f jCo_uzl 4_lLulI 4_u_oL_oi i-Lgaj] (j-Aj ^j '"■** *_*_uLjj1 /] < -^ II 

jmJI f«$al $lSt§ 4$>«4I» «j£*-2 

(jLfl 'Q-jJ "i j U JJLc q-C j mmH AJ->J (jr^l ->^£- '>$-<-!' <JJ° ^ i ii>i (_gl ^J 

t^j^ ' ''J 0'' ^-^rP-J * i_31 9_«J1 ^jaSjj '■»■**"-'*" ^—A^VI ^ttU^ i ii ill (^^-^ (j-^' ^ J<g '"' 

d d Lea 1 1 jj-* '0-^ ' ) J'-^^ -J .'**' *ij *(J-^-J lS'- 1 l ^*j-^ CjjJL>. c_JL?o ^j^JjLreJ ^jj Jul 

(jylc JoLijJI «_a ij_^_cJ! j-j-C J^3 J^ Ji ^^ 3K uiXlj . L^i£ (jj^ (j-^' 
V <Jl (^J Mj12 dili ^Jx: (16) jj^L^ JL<-ib jJLc: Olj .(JjjmijU 4-o^L.u 
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JLa_j (jl * J k"' ' "_' /y-^^J-J 3-iLjS (jyJ* Lj-2> w *~ ^ tla LaVI ?l£jJI d K mi aj 
Jj j d scll-LLilj LLflO i_ijLoJI t_ijj (j-o-LaoLisjl t_4^.l_aJI ."iljU-^-tl a . ..x;, 
LjjJ <<•> I d < a J <■ < ( uL>JI w La * * (jl >. ■ se i idJJ!i (j-uLgeoJa 3^ a mm 11 (_3JL^J1 

^ j u. j II a>jJ 2-JiTlj tj^j r„ ; U I jj'a jjjSLj ^1 5JUJI) 2_JaVI aJL*U 

4-LSLgJul 5JUti!jj>.| Loj^sjj '(i^j'1 l-l j <«i ^Jl ^" .VI (jaj^^j (-1JI 4-dxeajl 
tQa.ja.j-ll I -j <j i tl (j-o (Jj^s-VI 4_d_UaJI (^1 (j-tl,L<j/ L < _ i _m v jo-gJLdiJl JJ£.) 
CjLJSaVI «_j_«^>. (_^ 4_j| jy_oLij_i!l JSGj (jl JljVj . 3JL>JI j^jJlJ Cj^M_aL«-aj 

: 4jJLl!I dsOfjulii\ j^Ijjj 
jj.0 4_djJa J£ (^ i(l) j uul\ aj->J (jr^' ^^ O^- GO (!)£> mi j U -5Ji£. JJJJ 
,j_a J-^J-o (_£l ^j-S j liir^i = (a) (jl^ I jl VI njjLsjl sLui i_!jLdJI (^ jl j-$-iJI 

' d a I j o u nC)J ' gaJI ' d i a J J I ^Lu (j£. LlLiJL>. (_3 Lul LlA 1 1 a a* y i (jl c_^e_]j 

3 j itj-ilaJI L^jjj i^i jj^ Jjij>JLi J I y.'.M l SJLlsjiJI 5_lUjl!I I ili»L>o 1 3 n 1" -si, I 

«jj>. i. it ir-il 4_JLu(JI OJLfliJ :CjVL»JIj Cj^LoLm AljLa-'ii nLl (_gj-oj (JjJ-«-i (^J 
(Jjj_Joj1I Ji_aJ>.J» (jl cLdUis. ^t*3 . 4iil I JL>- LdxaX I i ja < . I LajJJ wjsLJjjJI (^ 
_}J_C (jl ty\£- 4_A1 Ju (_gfl La * * i«. .(__ojVI fQj?eJL] ^ 1 11 ill (*3->*-J (j-^' ^ J 4 '"" [""'^ * 
^-oLJjj (-;r l^. J^j i ii_t V Hal i"i .il (_p-4J ijJI . . ( l) J J^- (j^- JJJJ O' S- 1 ^ ((*) 

aLlSJI (_)-«-><-i 2 lj^ , ..11 ^jjs 'i^j-j-i cjIjJLj 4jS i"iU ijjLai ^-Ljjj •'^1 J-^ 5 J-y o' 

3lcIj-a jt-o iCj^LoLtll *-jl&>. (j-iLaj (jl «-auj-AI (jS_4-J m^I i LiSL^-^ _1^I c^t_u 
j mi j II AJ-=»<J (jr"' -3JL£. I JJ a -^JJJ SJLaj 7-I n i nil i-;-^*^ V 4JI J-Aj i Jl>.Ij JU« 

•(JiV^' *>**■ b^ 

'.(_L) Lii d IS mi oil (JJjj ' aj| L_djjjLtII (j^S_)J 

(a_^ >< ijl a^uaJi ^ ^ J^) (T T T a a a) = tjl ••2-J/Vl ajUJl 

j-dj-a = (_^Ii :«LuL^_(jl «UL>JI 

(a^iii a^uaii ^ j^ j^) (T T T a a a)-^ 
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2 . 1 j "t l 2 tsV» ^2_iIjlxII 2 U^'. -| 
((jli^tVl (jl£U ^ JLaJj j-uu (»_>^J J£Tj JiVl ^yic JL»»lj j mi j a) -2 

N (C, ORIGIN) l,n (M, ORIGIN) > 1 

3jljjl»- 2JLjJ i ^,^j (| ^)-2_j|j_J| 2Ja2J <=== 2i_j 1 ^Xj_J t 3 Us". 

(I a) + 2_iL^JJI 3U;i <=== 2_il_gjj| 2 U ^ ', 

. Bundy i^jli^j ^ Jlill IJ^J J^ISLJI j-aLJj-Jt ^1 f^>-j-!l o^-*?J 

H_£j^>.| (JjL^o (_)-><-! 4_o I JLJtlL-u I jajjuLi (jSLxj zj iCj! jJLi 2J| i ,,U oJ^J I JL>- 
I^JjL»j(jl JeanLouiv Lauriere J!Lo ( jj^T t >i!t>.L : iCj!jLik.V! ^jlacj^I jjsj 
^LjlJI J^UJOj-Ojuj , (l2) ALICE JiLa ^j-^-tTiiJ 2_JL,La jj£l ^jja j^>taJ 
j_Juj i(ja g j mj (Jj>fJ ^LL> (_g JJI General Problem Solver (GPS) (J-jI m git 
. JL>J,I I jut jjh ^aLJjj Jjiail Newell, Simon and Shaw 

The GPS Program |«Uf Jf £41 JU» ^Uljrf-3 

j_a Lj^-(L^ljLjkVlj oLJLj_JI) 2_uL^jJlj 2_jJjV! oVUJ! JjJjo v^ 
iCjVL>JI j-jjiij cj^LoLtA jjjljo LUsjI <-_4j*j Lji-JjLjiil (J^. 5y_a!j_i ^a (JL>J! 
(jV i£Lj_ojac ji^l MSL<i/ cj^LoLkJ.1 JLitli J? (jSLxj-aLkJ! ^.oLJj^J! lJ Js- l jSJ 

c-LljLi dJJ jj ii_3Jl$JIj 3ialjJI 2JUJI ££i Jjj^J! JjIS" jjft JtP~>" I j'a.iA 

. LLu La}toJ 

(^Jl-tjjjj (j-3 «Lil J-SJj-^J-La (J.O c-jLijJ! 3Kni« Ja- Jljj! CjU& ! iLs 
((jJj—LL!)) 2JL>. ,ji_i 3j-^' u 1 "* 1 ^"^ (ji dA-^f J- '-*- o^ t ^ e r 1 ' ty-"- 1 ^ '"J-^ 1 - 1 ' 
4_Lj_Loj (j-S!_«-ij i)«_SjJ,l (_y^ i_3^MJL>.l j_A (Jj-^' IJ-AJ .((SjjjjI (_ r b» 2JL>.j 
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■Jjjai cy> jLUiJI Vj SpLLaJI ji2j V ^j SjLLU! j! S^lkJI f loi^L, 

(j^.J-2 i_SJufc ^jj 7t ji^il IjSL&j i4jJUJU>JI i<K mil 4Jac j? jlLaJ I (j^a UJlj 
jVI (jlc (>Jtlj (^J-Ilj i(3-jJjJj-JI i f K mil SJa^tA jl) jLLII (^Jl J_jj^j_«]|» 
;y_olj_jJLl 3j_ua-U 3_aL#]l Cil a 1 nil (_£JL>.I (j-oj • IjlSL&j .. 4JL<Jijiil 1 La La a. I jl 
JL3 4-uLgiJI j ^-JjVl 5JUJI tJJj^j^JI JjlS"it j-lS.1 ^jJI J^UII £jt iSLaLtJI 
jl SjjLLaJI Jlo iCjSjJI tiilj U& tjj La ' I 1 jl3j.II ^ (jgjlall! >LiLa (jjSLj V 

j_jJb (jl (JjL»j 4JLa ijjsljiil I jut (jiaij-i GPS f^-^ o' o-° **^13 'J 

^pJI <_sl JL&VI fljJI (jIj Laj3 (_^aJeJjj .J^UII I j^J I jmLla Tcgj^aj] ' flljJLl 

: I j« a JjsLkjJI GPS » jJauj ■■_' 

1 /jyl^. Lx ^J-aLt-a Jj j j IaJ -3 
^j-o 1 ^ 1 lie rt Lc,^J j-i£. JL>.| J->»J (J I ^ j 3 j c GPS 7r i hi j^&l * j Iaj 1 ""j 
■»■ ij U ,", 1 1 Ji_a 4-i^L>. Cj VLjtx-i (j ' +"'" (JjL<-u-oj jLiJ 2I liil j ^j^ Lx-i iJjLjJiI 
^alj_JI jj-a 1j_ii£Jllj_p.Vt JUJ.I ^0*bl (jl ^1 -liLJ-aj-" J- 1^1 J 

(jl IjuI ju^-Sj fj (jSJj , (I5) SAINT jl (I4) MAC SYMA-JiLo 4 ^r,-.^ ! 

^j_a d I m I i n)> ^_aL)j-j_11 j_iJJ_a J-S j L<j_S t£jl i*tf 1 c_t^t_)J i IjjiS GPS (jj^-s 

JjLuJLI Jj. 3-j-L»c tb^ixLaJ J ■ V»'al -i j'a -«_iJi2j ^1 i_3JL^i eH-" i^jLj-uIj jJI 

.«L$J J5I3. (^Jl J-i^jill ^ 4xjir~imU SjJ^lj 

The ALICE Program g«Ji JJ«Uljd-4 

Jean-Louis-j_Ljj^J (_gjJ (j-i^- 2 t-» , ,.lj > jlc.1 (_gjJl-(j .nil ;y-aLJj_i * j^" ' ■■_' 
4jjjSUI 2j^U;1Ij Sji^iLjjJI JjLjiII (J^sj o^o-"^^ ^-«- a ^ 6-° Lauriere 

^g JuLSqj I ^j la ' 1 la CjLc^j-^J,! 4jjJaj Cjl^j-ia a JLa-**< i uJ 4Jlu 
: *lj^-l ^j' (j-^ 3JLu4l JOjoj 
(j^Slj /^i-ll j-t-aLutJl i>J_A l_3jjuj iLET «p^» d olS i L^^ una 4i_ajjjLUl - I 

. L4CI3JI JA=JJ 2K ilXI L^-La 
(j? i_^=j (_ylll («u2JI JJ-aj j iFPND « jl^.jI» 3_«JSLi lljj.na il^Jl^JI -2 
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v^jlj-JtlLI (>U O^^LlII -SJ^cJJ i WITH <(«_o» 3 aK 1 IJSjj ma i-JaoiJI -3 

.aJti,nU ^ 
. 3_jj_aj jl 3_j.iJi£. (jjSij (jl (jSLxJ (jr^' iCjLJLlJI -4 
: (_)-><J! 4_<lax. (_^ d 1 n_nj (Ja-lj-o vij^ij tiJLukj 

C_t_LJJ-J (jj-Sj L^-Q Jlj^- **( I 11 1 A 443 a &-inj I aI JL^-**( I 11 U 4jJL$_a «(j_ujj t» WJSUJJ 

(J_i_3 Sj—j-t-^aJLJl ifl-j S 1 1 a I JL^-**< 1 nl (JlLa 4_t-au>. j-uLatl ULxIa ^Jj ijjj 1 nd C^jLJ 

. Lg-La 4_LiiiaJI 

. VLalo-l jjS 2! (4J-2J! *LSjjLi 
.JlaVl ,>JI <bl jl^Jil j-a J*JI (jjl J^jHI -^ 
«L>.^oj gj j iXujJl j-JL^Jl (J_iL_u_a ^>* ty\£- 43j JLaj «(j_u_jj|» ^_aLJj-» j»j_aluj 

GERALD 
+ DONALD 
= ROBERT 

i3j_i*J! C**J U\, GERALDONBT l-Sjj^JI <j_a J^ JIcj i.Sj-w 
G D R S-JjVl f ^j'^'j 'Jr^ 1 ^ t>*^ J, '-5 ' "1"^" U^J ' 9000 2 . ! • j^'^ 

4_j . ^ < ^s 1 " 1 I »fl IN 

3-lUx. ^ i^aaS\ (jJJ jl ..nil (j^s 3JU-jJ,! aLsjVI j^jt a,b,c,d,e c^\£ ! ilj 

aa-inj| mS i"i" ^-HJIj 4_jjLU1 CjL9^L*j1 JljjoHj a 9_Sj «(j_u_ut » x_aujj (jL3 4X_aj>J1 

:3K (till ojjt ^ 

2D = T+ lOe (I) 

e + 2L = R + lOd (2) 

d + 2A = E + 10c (3) 

C + R N = B + 10b (4) 

b + E + O = O + 10a (5) 

a + G + D = R (6) 
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JjLuuoJI 1J79 aijKijjJI uaJ aoljj 



(a=o&b=o&E=0)Lal 

^ika,!^ l (a=l&b=l&E=9) jt 

(2) 3U,,,I^j l R=e(modulo 2) 

^ak^l^j l E=D(modulo 2) 

(j£ ^L^J^ (jl I * ' eaj rt ) E=0 9-Aj /j-iJJJ>*-i jLlO*L] <((j_ujJt» WJSUJJ AaJLj 

'.i_f^si (JKi'nl ^1 3jIi^iV1 jijjfitl i_di3 jjju c^p. t(jiiisi b, a i(j-o 

d + 2A = 10c (3') 
C+R+N=B (4') 
G+D=R (6') 
d (jla (J^-j-o jo\j L$J^ 'j-^- 1 '^^jij OJ&-* o' ^-^ d o' Oo- 3 ) o^- ?^-yj 

SjjcjIJI Lc.j-3 (_£J>Jj_j .6-14 (JSLlu ( _ ;r 3 TcUs^a jjfc Lo "'-" ^' a J-a£. i." 1 1 ii clili 
I JL^Jj ,_£jj>.V! iZjVjUl! ^ VjMinj Lojii^. Jj3f~ i 'I a J-»^J (j-IJ R=6j R=4 

-.(^JLU^ ^JLuiXI J*, ^j .i-ij j R=7 VI J^iJ V 
GERALDONBT 
1974 8 52630 




R-4- 



R-6« 



R-7 solution 



R-6« 



Gerald + Donald - Robert ,j_£ S.*J 6 - 14 id 
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(12) 



Cj Vi j j La-J _ 1 c La L_A j-j-j Lj ^Lc *^>-5J ^J-il i nil (J^* «Lj_u1jJ cHjjj] JuLJ 
PjjJsjjs jjtj iSj-iaiJI 2 kWI ^ 5-ajj-" i.iUj inference engines t-I'mhiVI 
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by^\ 4*£u&\ jfll>W^ 1 5 



«LaL\Jl ^-Ai in!' -n g i ul »3. ^--ijG x_a 3j-u_>JI d i la )3f I 1 

I d i j i a 2j (jl^ c^' '3j ^'j jj-AlUI 3-jJLta Aji^. 

CjVL*_a ^^ I J S j j Laj Jii£. i4jJ£j 3-aLc (JJ^-J (jl 
t>U ifljJUl 4jJjI_QJ! 3Ja}L«j! 7t-^=JJ U-a i SjJLa-a 
->j!j->l |jj djl m'iiuM (JSIjI w ^'a . 4-Laj^ajiJlj 4-JUrill 
3j taj aLiIaV! (^ Edward Feigenbaum ajLltau^ 
SjLc C^jlS (_^<Jlj . 4-ujjlxIUIj 4-ulj 7Ti i nVI (JVjGjj/V! 

* uaj ' ' i la **' J w **' II (J— 11 (-u-JL i <--£ a J se-j i n" La 

^j_a 4_£,^_a^?e_a 1 Jl_j^>. I j-j '-^" j ... A" Cj LlId 1 j-IL3 1 
^^ 3 j r jJ 1 dol jLSj . L&J i^ij j<u ^j-jJ! j-a!jJaJI 
dL-ujI ^yJI (_, q Utt <J}jLm1\ ,j-a fjJJl I juk s.ljla.1 
£jja 4-jj La^ Lt U »1 qlr (^_l i_Lj^**( mi a pj)^ i"i a /qjlc.} 
(C_$_Llj jj-a (J»-J '^— 4J-*-a CJ2( Lt_a £jja ^lj-^>.j i4j>u 

«sJLcj ^LajSLII Joshua Lederberg rj-Jj^J^J IjjS/^ 
i aLjJaja 3j^>-i CjLLu j j i njj j-LO-l JL9J . SjIj^JI 
3_Ll£LII i_sL<-L_a ^ tdjj^lJI Jbca Qi^LJ 31&JI 
LjjjSjj 3ijJtA LJilkl I SjLU (j^ Sjji ir-i 4JLj£. <_3 J-2j 

Lxjs i3_JLc. 4^LLs cjI j cjLjjjSLII 2U , „lj , ^LijSLI! 
177 



iL>JUI <_^£ ^JuM (3) DENDRAL JljJ-y-i £-<=Lj_i ><i^ yL-JI J.-^tl Js 

■ 3j! iiiU (>J-& 

SjijLvoJI 3_aL«J! £ufcl_LU i^-sLJ. jLUajs oL->ol ^ jj m_i (^J-JI J-aJtJI IJ-* (jJI 
JlX.L<j/ La (jLcj_<j/ (jSLIj . ClIji'r-iLjjJI »l nlr (_JJl! 2 I . '--. A 1 I j c^3jj| dl!!} ^^ 

SJSLutj (_LjiLcj 3K Mia ^^j 1 ^^^ o-° 5j- u tH>!' 3 K uiXI Sjlil ^Ir (J-«-«J! I jut 

J^l mi a JUlj j«J 1.°-, x 1 II Jgl 1,1; ^Iz. 3ajjUH J^LiLI (jV dlljj i3_3jjt_U 
(■"1 x j ir-il I J iSjj iCj^M_aL«Jll (j-a J u i r> JJLC ^ljLJ?-"ii iiL Ljl>. (j^-a-l ««LLaJ» 

. « 4_jJijJL>J 1 » 3Lj_>JI ^pl 1 11 a 
d aJItaJU <y oUII tilt^t_JI Cj^iLtc ^-^ cLuujlJI '"''JJ IajJI 1 '^j^ 1 "^ jjj > (JILaj^ 

4-jLj£ (^ thomas Kuhn (jj^ <jjLa^j ^ A ,-^j mJJJI i_JaL«l]! ^Ir Jlila j^i- 

(4) 
■ a-ua-j j j'a . the stmcture of Scientific Revolution«3 j n 1 ■» tl CjIjjUI 3-j-Li» 



.«3jjjj CjIjU^d *_a «3_jjLu£.l» I jj** i_^Lvu Sjjjj 4-lUx. i>j Lp£. Lj a^Ll! I J^iaj 
(JjI 1 11 U J^s. JL-sJ,! »l nlr (jl-J f ^**"1 * """ ^ lS C[ Ui^d "^-SL^^I iJ^'j-''' w ^ a 
. L^jJJ Jj^sjiJI jlj-t.1 <"«tjj . ..A'.tlj J^1>J| pl^jlj . I j" , „lj \ i_4j*j ^^1 3-a-g-U 
«_aj . r-jj-o-iJI jl 4_jjJaJjl qj±j-u\ J^s- tiJjSLl/ jl CjVjLvuj liJLufc Oj^i **3 
( _ ;r i)!-? - !}j-«-l!I jl 2jj Uill ojlA (J!M^s- (j-a-JS LJoi I ^j^*.' J gJa3 lOiJSjJt J^>-a 
«L>-jj>. 4lir»J (^Lj (jSLJj ij_aVI i^jLi (^ LjlaLao ("UJJ . Ljljj-<-u ^>L>. i _i I LajJ 
r-Jj-a-JI jl SJjLvoJI 4jjJaJjl jjx. (jlj^sljJI j_i£. (j^Ls-LJI JJLc LtJiJLj Jjljlb 
JUJ_>JI r-J^-a-ul j-^jjj . 3 J_ijL>. d Jj k *' ^j " ' "^ I (-^J l^ OJ^^^-'dL? i (j"^'- > "' 
•» ■ 1 a J JtSj i4_S_ll 1 11 tl 2 jj taJLll (JJa ( _ ;r 3 3_iL>J,! j-;LC. dl*! 1 ii^U J ■ Vi'ai I -1 j'a 
Jj^*_a 3j_jJ_>J! 2_jjJi_J| i."i 1 intj . J-J-3 (_g!i {j£. J&\ j-it!^IaJ! ^j^«_' j J i gjj 
litjajJI (^ 3JljJl>. 4jjLu£.I 3JL>.jJ, (jjLvu^l (JjS^j LjJSLJj 1 LjlSjl ■■■< jljdal 
M^J-jJ-aj 4_a_ijL^J1 ^ J) la * 1 1 ju-ajt ^u p'j-i J ' ' a rt » gJajl * ^j^Sjj t^—aljtjl 

tljVL^a^ jVjCLj/VlcljLjia^: cljLJT^ ci^tJt jl sLiLlII Uiljjl LaJL^j 
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SjoxaJI 6uo£jUI uoiLm? 

jLpc! (jSL<u i_dJ jjj tSrih^e-a CjVL*-a (^ 4ijjtl.l Jjil^ll general tools <LaLc 

i^jdl DENDRAL, Jia WjoLijJ «Lb <j-a (jjio-LJI sUl*j <_>"J.i Jj' O^J 
«Lo_L£j (jl 3-A t<i L^a^a seli 1 1 4_uLui_pj1 CiLajU tl (j_o (J-iLk jJi (-r^ J Q " '"'' 

oLajJjJ,! Jj-lju (^Jl dJJj j-^-jjj . ! J-^- 5Ji_aLi oJL£ *U-3 JjJj«3 Jal 

?J_i_U ,_j-Llj! l_La (j-oj , I /Vj , ,, A"j Lg-ajlir" i aJ (_^lll < ^"^' Cr^ ^ ' '"" a """' ^ ' 

t;r lJI 5_JV! (j-c 3_3jjlJ.I SjlcIJs J'^'" t_ij^>-^j JjLflJI-ztjjjGJLi-^^yjj/Lj/VI 



(jljLdl JUJL>0 -I 
-SjUljILa 4_lLoX. J**'*^ ^ * ur^ C^ 1 5^ j i 'sj I «Lo_ku2l ^Lu 4_u_oX. ' 1 1 Lalu 
j_iai>J! j»j-ajj • JJljJ.1 JL>JU *lj ;>. JLs-l *-aol inl-v 3jlc jLag incremental, 

(_ylij| (^jVI 3j_l! Lajj L$_i2 , d 1 la I " j^lC 42jjJaj I JLA *L>.j_<1/ AJ^aJ JJ9J 
U. 3 JUJlC CjL*j>.1j-« ^1jj>.Li j-LA^tll 7-1 <i i nil c_t^Ejj . dJJju aLjJlII 4_La c_JLLaj 
- 1 U f I j lOji j l3." " La ^1 Sji^JlJ! lLL! j ( _ ;r 3 Lx-l irc-aLij^Jl (^ d * 1 l '-"_' (jl JJJJ 
liU!} 7r (<->^_ij .3jLjJlj>. CiLaq I * a 4J3i_iJalj i4_ujt_a JaLol] 4J^la_a Cj1j-u_oj2j 
(&1j JLSj . I ^S-ixIa!u (AJ-2J (_£ jJ! rc_aLjj-jJ! (2>c ibj-«Jl! (_Lu-4-i J '^' a ^1 4j*.L>JI 
'"'- l|yl' ClLajUU (jic jJ^lUTlU i4j-!Lj 4l>.j_a ( _ ;r 3 (JJJ^>- 1 «!j-iiej 4JU~i .iVI 

"'-^j i uj (JSLi ( _ ;r 3 CjLajUU OJLA «_Usjj (jl t_4j*j I JL^Jj . (Jj^fl j_ujj! 4Ja i ul^j 

^Jj ,^.Atl ^^ L&I iiiir-ij (jH^' (J^" 4 -^' (JisLuiT ji^.Ltu3j . I j~ i ulj 'j L^3>!j^ J^ i njt 
Vlj i3Ji«Ji.! 4ijjtl.! JSLi jiitli (jl (_gjjj_UaJ! (j^sj i,_p3lj^.VI a'jJt -i j' a 1 3 -9 

i J j < j II Jjn'iiiU (jJJ LjjJaj lilj .5L^aj_J! oLii! ^JuiSl!! i— I^LuiVl j_iIJ 
(jjj /y_o!j^J! OJUk *'-^ 1 rfl(j""i'l (jjj^ m J II «!j-j->J! AJ-aJ (jl J-^J^-i (jl LiJSLaj 

■ CjLajUU cLaic 5 JUL I i na 
4-a-la )>t I cL>.j"i?U 4jJSLi^JI 'LtioJI 1-15 J S. i"i ( _ ;r 3 tcUsjII (<u-ujJ! JilxJj 
(j_u_jjj .j-_j_lj>JI AUaJjl jt_o ji^^ *lj^>>! (j-o aJLj-I i nil (jSLa-J (j-^J 1 5^ j i ->J I 

ji£Vt JSLAII *5l_jJI ^ =USL!j iTt-Usjil J£LjiJI I jut a air" , n't (jl Ljj^-Us 
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SjijLl iJiiSU S_-l— ty o-UjS^I 1-15 JSO. 
*_a ^jjLjLLII (_£ Jj qS"i 4_jJLjJL>JI 3jj)j-tiaJl (jl .a1 JLa-"i ( nVI /^ Lc^j mi 

L4-4 t LljI a ■"■ c L * - l qj > o 4-t-qj^-fl 4-^ * g 1 1 Jl^-A £j£l 3jLlC SLLajtll CiLa^U 11 
«L9j»_*Ju _}1^o_« «_uaj (2^*' '^j * ^-s- 1 ^-* >^ ^ ' Ljldlul sLre-oj-dl Jjj-* 3 cr*"*- 1 
d 1 1 11I— La d jS j i n^lS ^£jj>.\ Jjj-* 3 4Jl_>J1 0JLA ^—3 (j^^J , d 1^ * ^ ^jj ' aa * 0JL& 

' " 1 ■>■**■ a I ! jl- JLjJlJ^. (j^L«j 1 l_i_Usj_a (j^sLiJ! 4_JL3ca ^^ ojl jl I jj'*» j j~tj 
ijJl^l 5_JLi3 d*l U<~ V j ■ -■ A 1 1 wjsLJjjJI ^ 4^jj>J.I SjLcLJS r-Lol-Sjjj-UaJI 
jiir-il Sj^>.| Cr^ JJ^^J"^ U J * '" '" ^- ^J-^L*- 5-aJLJr" 1 "U SjiljJI (JjiflUlj 

. I fcu£ J>^° C"*"" L ^"^ o-° 

J^i <" ril^l <LJL&£ J-LULdJ -2 

AJLJ-" 1 .1 U p I La c J (_, 1 r I J J j ■ ' a 3j_ujJI 2 »laj>t 1 3_a|_gJ| ol q , ntl (jjs 



(Ji-lj CjUIjj>-2| (_^3-»J r^Lo-sl-i lLLIJ ("Cuj . 5y_aLJj_JI "j A flj )) 4laiJ Ij j 1 gjj 
Lg-a Jj>" i nl /^ylUi 4^j-*JJ _}1 a-« ^^pajjtj CjUIjj>. VI 0JLA ^5-^J '-^tP* i /?- a M>^^ 
J I 3_3jjl1I I <- jy_aLJj_jJI (_gjJLa_jJ . *Lal£L>.2 Jj^sjjJ! ( _ ;r 3 j-ioiJI al taxll 

: 3_jJLlI! 3_3jjl1,| SjLo ^Ir ;y_aLJj_iII (^jZLtcj I <& ' L$J "■ ' H 
LlL^ia (JjSLj JLfl3 ,d Aj. ,'^ 4l>.j|j i4jJLc (jiajj-ll SjIjjs. 4j>-jJ Oul£ I !il» 
^-ILJl 4_»_3 LjLLX 1 CjL>.1"1 f**( I 11 21 1 ^ytSJ^. d tj j , ,. « ^.oLjj-AI J^SL^jj .« lj-i^loj 2u 
(jSLj (oJ . ! jl (jr^ 5 * ' < Lj*-*2?l 4jl!Li d <i 1 nil oJUfcj . 4j*_lLL!I ^1 (Jjj^s^I! L^j aLS 
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JL^I i ii l <Ll2 tjj-a-tjl (j-<-u 5) J ' ^ «L>.j.} (j-^. ^-auj-jl «LaJuij ^j-I1 7-l_Uaj 2l 

^—oLlj-aJl Julj («-Jj • /J— al— 1j-aJI (^JS-^CLdJ aJlC jt-fiQiaj fQ_l^JJj (J~^ t*^— *"**' ' "^' 

. 3_j.sLtJI ;y_alj_JI 1. 1 If I JJjJ Lo 1 Ljjjcjj/ Jijjj/I LsjJ iir-i 

:>i <■>»" 111 t,l —3 
(j-&£ . Sj-ioiJI ^ 1 la I VI *Lb JU£. 4-<laX. CjIjI j"f I SjLC 3Lclj_a (j^ JLlV 
(_J3 Sj^ajlta aj\ «L?e_Lt-£ij < tUaj (_£ JJl j^l>JI j^£. sJlcI i nt -n ' taj (jl c_t^e_i 2fjl 
(j^jUIl U^uIgJI ^fc LJL>. til! jj jjLSJI Jlillj . dji^i^^elJI luVL>J.I ^Jl^-I 
i*_ijjj_U AjJI 1 1- » ■ *-» jl ( _ ;T 1SL!I (jlslj-al ( _ ;r 3 jjj->. glse-u^aJu r-Lbej (_£ jJI aLkJI 
(_igjJaJ <LuaL> 4-ut-Al ^aLlj-iJI \.\ *• (J-iXj (jSI 1 *"■•'- I w 1) d ''■*JU " JjJ^ -1 J.' a 
(jl <--lJ*_j IJL^Jj .^L^li.1 t_!j^l <j^s JW-°' lJJL ^ Cr^- OJ^ "-^ lS^' L -' 1 i>" 
(JL^J,! (_£ ^^ 1 11 ill >gj -»J 1 ^I^V LsjLiLa ^ j j -»J 1 «-auj-aJl ^1^1 (_g q**i 1 n a (J3^-> 
d a '**' Je rt CjLc^a_>J, ^LLul jJiiJI {ja oj -»J 1 ^lxuj-ajI jLidlLuU (jl (jS_4->j t43l]} 

» )jL?OJ Cjlj-^>. ^j q . >>" i (j|-C_<J?e_l (Jj-J-LAJ>JI ^-OUj-aI] (j£La_!J . (j-OJU-O^. Vl (j^S 

CjLjjjjJIj t_^SLILi 4\-r 1 no (jjSij La Ij-iLJ Cj Laj It U OJL&J isljjiJI (j-o JJLc 

.JUJ.I I jjt ij& 3-uiLiJI 

4J3jjt_a * il i n**iS A (jot 1 11 \ Sj-uj^JI d 1 la 1 3(1 (— aJLa-**i i na (j_a cl)" P9- 1 ^LcAa 

«La_Ia_iV1 JL>.| (j_a ' J j I c (J J i*aj>J I (j^La-ij ' w < a < a sej pools^a (_3 d j i ^ a 

J . -— A tl ^a t_uL>JI Ijl^J t _paj-«j-4-L<^-iltrJ I cjljjJiJI ^j^«_' L^J (_^lll 3j_ujJI 

3j-l^>JI d la *y I ^2)^4-1 Ij-^* [9 t-t. it nL>J1 d T^ , u | aj ^_ LLtT Jl J^c j '"-^ ^j-*^! 

l_AJ_2_fl_i ( _ ;r lJlj lal ka-t-ll Sj* , ^", ^. 1 1 j » I j 1 V 1 1 Sjbj^JI CjljjiJI JaAa<J (jl 

rO-^SI ala. ^1 SjjLJI ja^jlj^i. Jii (JJJ szjjt JLcLajj LajJ^. 3jLc 

:A3jji^iJ ^LiTL>dl pl^jVl -4 
t 3 j inL-ti? 3 K mi a (^.4 5j_i_lJJI 3_aJajVl ^ iLSjjII Jjlaj 3 K ui a (jl 
i3jU>.lj <=Lcl j ir-i (^^ (j^-«-a (JLa_aj ^ S-Lt-ll I ifljjiil f-i^3J (j^*J La IjjLi^ 
(jil <_J J I pJ^J ■ U ^ j t I j|» Jf^a 3_ujjjtlllj 3 j jj. 1 ,tl 3^jjtl.l jljjs 1 ; tl * j'a 
jlj_a Liiajl iiJI_Laj i« J ^-^>J (j^-*- 1 2 ^P^W (jSUj r - p^J (JjjIL>J,I qjz 
Laf ir- (<U t_J J ml 1, nil (JjSj (jjl iSja^LLA I OJL£ lil» Jla 3_ulj^>.yi S^jjII 
pjiJI I JLA (j a 1 uJj .« I jSLa t_! j<u r - J 1 ui 1 n"ill (jjSLi^ 3js^Lla j^lC. I duL^I jl 

jj* 3ijjtil jIjjs (j^s tiJIiiJI jojvjiJIj Khowledge meta 3ijji,l *ljj La» ^liUI 
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^UKxoUl .ISiJI 



SjLcj .ojr ju (jJL. ! (_£jIjo» J!la factual Khowl edge <LuijlJL>J I 4ijjtl.l 

^JN mi tc_u3^jj . 5j^s- Mill *Lj_L) d U , ,.lj » tilJLijI faJJI (]_>£" J^* -1 '- <1 -4J J ifi ^^>*Lu V I 

_Mo_o ^L x I L aj ^jl i ii i (q_$_Llj La_i3 'j-J^ ^J-^ 1 -^ ' ' a ±2 .j-jLiUJI Ijla 2-15 

. oJLiJ! pJ-JI 43j-«-a (_Lu-4-i L)'- J -^ (ft^Lfljl tc^>.j_j Lo_Lu (j-Jj^fl jj-^CjjJ! 43jj(-a 

LuLtajjj J n i"~t » 4l«->JLi 4^jjti! (_LlL«-i (_j-1^. <ji-^'j-«->J! ^-j-«j>. ^Llo Jj ^"j' a 

.3-15 (JSL«I/ ( _ ;r 3 « jjjjj aJLJ^Ljj'\ i iij i !jiL>>j! (j-a Js ^ i b> » 1 1 




^iytll -U^lji CLjLJjS^s , 



^11 2 - 15 jsCi 



JjjLoj^J 



(jLjjJI jlcIjJSj howledge base 4ijjtl,! JlcIjJs ,j-<-i u-uj\-uj'^\ 3j-^' <j-*^i9 
2 j i.ij-jJIj 2 j g-jJuJI 4^jj>II jlj^ j -i i a!u 43jj<il SjlcLs (jl ^ database 

^j*z>lJ>* «L>.^_» Ja lJj J (j-^' ^0 ' ''I '. - 1 n 3j-u_>J1 -n la * ) I /^ «CjLiLj_J1» /^*J 
4->JL»Jk! jy_oLlj_l TTjLi- jjjjlJj i La OJSj ^^ ;y_aLlj_il! L^>JL*J (_^<JI 4 K i'iILi 



, i d . .. /t < 
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SjjjJUI 6«ja£jUI uojLia? 




.(•_« frj^r = r") (JjL<L>- 4Pj^S~ ^m^J OjSjfcJi J— ID j5w- 

t_!jL*jJ! I '('n\c JLSj .(^j^J (oi^. 4la jiiSI (^3 jjt Sj_uJ»JI 4-aJa 121 «I_L> (jl 
y-a <<tj «L?e_Ud1j J-] t4-La_L-ui-i jJl_»_j (j-^-J' ^£-}l— t_U jj-° >-}^-£- J J> *^ O^J (j-* 

j-LjO* x_o ^jjLjLULj 3j-u_>J1 fft-JaJu I j-jalaj ^-JS ^j^Ljjlj (j-^jjl Cj La J U U »1 alr 

(jLilSjj a La JLSj iSj_iai»J! d ^ UiVI «_a jJjLcoll-Ji (JjijJj-jjAjlj l_i i uLuJ -I 

■ a .^j" jjt (j^Laj ( _ 3 lJI (JjLcoJ.1 ojufc ' "j''^".' Buchanan and Duda l-Sj-Sj 

'•(Jj-^ SjjLJ 



' ^^Ijl 1 ^QJ^J -3 

. CjI Jutllj 5) ^>.3tl <jl>> ^J^~" '"'" Jl w ila Jl ^J^ - "" '"■**'" (JlLa ^j^~» ,".".11 -4 
jl 4_ljLij_^SLI!) j_j!jjJI JlLa joJaJjl ^j'— » _' ^^ jj-LQ-SJl i— a I uuSl -5 

.iTiLajVl 4j>JL«jj -6 
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cj^LaL«l! (jjs 'j-^p I jjlc (j 1 1 *--"" L$JI (JjI i ii U ojla ( _ ;r a 4£j"miU ^ A.^ttj 

SjLcj ,A''nn ,-\\j ^, ,.X~ ^JJ I j ija i ^". A" ^jJlj i4ii.tjGllj 4-L^-iLiiU j^lc 

4_ul£La! x_a *pj^> iiiU 3jH3 (JlaJsa « (—ILjJL^J I j-u_>JI» -i^>«J f -^' (j^ "* i 

^j-^Sj 2(j . f $J I il o U ^-1 i^>2l "K j^-$_ul jtutXIJ jJLu (j£>^>* I ^'J-^*- 1 ^Lil »**" "V I 
(_palj_a5U 4-i£.jj-ujJkl 4l3jj(-a ( _ ;r 3-^iiLo ' • La 1 I JLx-a (j-^'tjlj mi ill j_uj*jl 3jJ3 
J-JJ U * (j-Lc 4jjJLS (j_o J_l (l_ulSL!l (j_a I fj j Ir Jj ir^i -»J1 (J-S-4J ( _ ;r lJlj) 
«Lcj-_*_u_j ^J-ia^ **< 1 1 L^-d JL^-**i i n i /^i-ll " d * * ' a ' I ^3^*)) «L3j-«_aj CjLxj&_uljILi_u 2f 1 
1j_}u 4Jj^Ia 5j-^>. jL<ij (--A «(J_j_>J1 0JLA»j ^^ ' a II ^j^"" uiUJl ^-Jl «LaILij 
-3j.>L«JI j-lC. oVUJI JSLi aU^I ^j.^Stl 3_L«jtVl (j-aj .i_0£JI ^ J^j-jj La 
f. " , ^ ^ VI j_j_l>J| J) i"i ij .j»u_>JI ^JjLoj f_j Lll-5) La3. tJ3^ i-a LJLc, (-jjlj 

(jl c_tj*j (^ylll 31*1.1^/1 3-^.jjj foJLc ( _ ;r Lc 4JV j_JuLa 3K uA,\ <_J ^1 SJLjJa 

. 1 j" 1^ ^ \1 /i ^-& * ^Laj ' ■■ 1 /jy^-11 ( _p3lj-cVI 
. 3j_ui*J! 4-aJa 121 ^^ 3-aJLa-" i nil ifljjtil ^gj" i u a ^ j i a 3 [jjt 7-jJajj -_». 

^aLij-JI (j n i ajj VI i _ / «~l;U.^.VI *KjJI joJLtJ 3jjtljJI 3JL>JI (^a (d^ll (j^a 

^j-a 1j-J^S (J I ^**" 2f Ij td qjl 1 n d j glf ^ n 1 ill (J^. J-UJ-uJ /^II Cj La^ LlL I ^3-*-" 
^—oLij-j ^ULa » „ ^"' ' " j 3 • c ^J- a 9TH' ^^J— *"' 3 ^^ j' 4_l^_iJ_lII Cj Loj Lt-I I 
i4_u_t-£mjl ^^JajjJLI «uL>. JlLa Cjlj^IuJ-a jl i"ir 2(1 ^—3 JL>.L) ^jl /_xLaJ1 ^ogae uiilj 
^_auj-iI1 ^J o"i mi 1 ^jl 'j^j_yj ' a ' 1 jj-a jj-o^ t].^-lj * ^y^^^-Jl Cjuj)^ i ii nil ^LLua jt 

(_L S&^ajI jj- p^- 1 L^-^ 6 - 1 " J' i<( * *' ' ^^^ I 3jl_Ua ^j j all )) Jlla Cj1jLi£, /^l^. 

a! JLJ-" 1 .il 4_(SLxj V ;y_olj_JI ,j-a ^LsJI (JjjJLfl .«jj»-T p^j ,j-a J^l (j^i^L^ 
^—olj-aJI ^j- «L_ajLaJl jJLo^ ^l » J^**' ' ■■" (jl J-oLjj tCjLo^U U £ya p9-tJl I J-A 
.3j_iai»JI Lg-Ala-lU 4^j-«-ll 4l^.L9 ^^ CjLajUU aJJt JlLa <__) 1 ■» J~t 1 11I 
( _ ;r Lc-4j|jLx!l J-La-CjLajUU /«JLc (jjSLj ^1 t^-^eJ .(^J^/l 4i>- 1 nitl tl_Ll -J 
^yJLa. tiLIij iSj-ijJI JLa_a ^ 4-oJlJ-"i 1 ..U .-»l-»-IU,^t lj v2j I Jj^J. Li 4jIjJ 
. d .ila *'' Cj 2(L>J1 ^J-rKJ (JLtk-LI ) j i^> I j* Lga * /j^i-ll (3j-^l ^Jj^- 1 n" jj-a ^^A-^- 1 

,-iljU-^.j iJLajiil sLuj/Lu/ 2I cjIj-ZuJII j^c Sj£La cjLqjUU j«JLc I jla w *_'j 
JjLilJ JL*J.I (^a 3-ajLJr"miU 2_JjVl cuLoejjIj^uVIj ,3^U;1lj J X^-tl 
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SjoxaJI 6uo£jUI uoiLm? 



C_c_LJJ-lj 1 J i3_}l_C 5jl l"l**( 1 II 2(1 /olu ' ^^ ClLa^ Lt-Xl (QjL*J TC-UsoJ LaS t^J-11 I nU 

w I c 3-Lj-ta II Sjl i"i" i nVI («J1j (jl !Hi<-a (jSLa_j£ iCjLJLjjJI *-aj>. 4_i (&1j (_£ j-II 

.j^jiajj-U j^^ 4_»-<-uLi_ut CjuLjj - 
^O^i^' liL^-" cr^ ^a " 

IjLo* ^l.}) ^-JjVl cLa- i n itl JjJL=»o La ^jLcj-i-o .^—Jj^/1 cLa- i ,i ill jjalaj -_A 
( _ ;r 3 j j -^* I usj] j g-kaj (jSLI i LajLu I g^ic (j^u-uG (_^j-II «l J la 1 * 1 1 CjVL>J! ^^£ 
( _ ;r lJ! 4_lojJL>J! 3Lij»J! (J^l hia sLvljj LaJ_t£. JjLcuH (_)-><J ;y-aLij_it! CjIjJLS 

iSjjj ' '■* 1 1 (j-a •*• j * -** _' I— Laj , d j u ^ ; 1 1 cjVL>J! £>£, Ij-jjS i_aJjitj Lo 3jLc 

4.jr i ii i ^1 jjJjVI 4j- i nill (j-a JLajj^LI w_oLJj^J! ( _ ;r 3 4_al_& Cj!j_ujlJ *Ij^>-| 

.j_LiiJ! dJ^Lj/ ^1 t_ij^l oj^-J *^L) 

tc_lUsjj ^1 i_3Jl$j (_£jJL>. sL-Jj.} Jijlx-O ^J^/l 4j- i nill jLp^.1 (jSLa-ij 
JLjca /y3 ^ j i a i a -»" 1 1 4^jjtil (j-a 'j-f^ ljJ^9 ^JLa-" i uJ w_aljj_i 3jLo sLuL^al 
CjLuI (j^U-J ij-ajtl! prototype T ia-a-i]! jl JLcl Jjljj . La i_SJL& Jfcuigca] JJL5CJ3 
T-Lso JLk-I-j^ LjJ I i . I U ", 1 I QoSLjJ iJjLcail Qji JJLC (ji^. 4aJjJtaJ 4j>.L>o 
j_uu « Ll«-ixIo» ^_auj-jjl Jjt^-j .« Loj»J « Lulj-lLs)) cLal Jl^-" < nl ^Jjtjv-fiLij^tlUl 
(JiLo i jLLnJi! (^LcujV ! jl^til ^LjLxjj jy-aLlj-jJIj aJlJ>-"i i nU (j'V j'j-^' L^*^ 
4^^Lc d*il 1 1 nV tJ3^-i tjlj i«Luj-aj d 5 ' ■■**' a cLjjj-Laj gPn 1 1 u] ^-auj-iJl «L>.^_) jj] 
d u i nt {£,j i ii i J 1 j-j_l>J1 «L>.^j La ij-juS (jl j^j-i (jl LlA LiAX I (j-°J .p^oals^aALi 
3 11 uiVI o iut JjLa J< n,~ (jSLIj ntc=jJ! JjS 5-1 1 i.i.lLl L4J j-^Lla 42>Lc: V 

' j ' a **' * o' ??- a H>A^ (l)^^ 1 ^ iOLaoLtXi jJ^Luj ^Jl 1 ^"Vlj jl^>jl jj-* '0^*" 

((I ljL>. ^t (j^ 5 " /*~ L ^-3^ C^ ^ L 1 11 2l ^jt /^-t-*-3 <( Ll^J)) ^-auj-jJI Jjt^.j .JlllLl 
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L«ii . Lvjj^sj J-" ' (j-" 1 -^' ^J J> -? , ^ ^LlsLUsI 4 \%i »l jl 7~j-^ "IsLusI 4-ul£Lal «_o 

d ?U"U d ^j a iJI 4_l1S1!I Jjir^LflUll 3Lclj_a aJLJt" i ii U (j-a ;y_oLij_jJI ' _J LajJ Vlj 
w I c i La « .>.tli j U , ,, j£ «L-#->i (jJS M^-° Ojia-Uaj (jLS ijL^j>J! aI JLy" i aU 
Ij-l^>. AjL^-**t i nil (J3^-i (jl /?- a H>^' ' ' ' * * [j iTt-uLoJJ 4j>.^Jj ij<JLja 7-LLia 
4_l-Ll-iJI Cj!jlj>.jJLi /jJL«J (jl (jSLx-i (JjI i ii U aJJt (Ji*3 .^Vl <- ' i nL»JI ( _ ;r 3 

. interface modules 
w I c 4£j lint '"'^j; ""'"' s I ia-c I .j I c 'j-^ Ty-^J-^' OJ^ o' S^?^J 

4_J^>.^1J ((4_jl31jJ)> ?t j <<taj (J^. O-^^ L)^- 5 L)' S" t " t " J ^J^-S 4tl^-tJi ^JJ**( i ii a 
(JJ-S-J (jl t_tJ*_J LljLjj i4_Ltij (jl (JjUcj La aJLJt" i unit (jl-JJ ! J-#JJ JIJjjJI 
4_t-£sL>. 4_U3_Al (J-OjjJlOjI (j-GLgJJ „ flLa * 1 1 Oj j& dj ■ Laj> 7r J l^flj (JL^ 'J-iL^ 

- I U r I j t cLa-jT i,-i cLijjJaj J-oJiJ 'LJI (^^ aJlJ>-"ii nU 42!l! ;y_aL)j_jJI l. i i hS ( _ ;r 3 
jy_o!j_jJ! ^j a « J j Qj jj . liltjj 4j>.L>J! CUC^ Ijl ojJiit AjLy" i milt 4-i^5j_il!l 
_1 v^l (j^-4-i /^>- /J-^l-Jj-^t 4jI al 5j H (LiJe ' ""it aJl^-**i i no It 4_t-aj-itl ^ rt i ' 2j 1 1 

cjL>.ljHal (jijcjIjLSILiVI tfjut 7-jlj^jj .(js-joij (^ (JLjj ^j" ' "^j 'rr *LJj jJl 

L«a£. J_a 4-aJL^-**i i nU JlCI^JLII ^j^* ■' JuLi jl ^-auj-jl a! JLa-**i i iiI Jjj-* 3 i^ i njegj 
(J-il i nl.1 (jSJ (Jj**- i n"i \^ j i-w ^Lku (JS i La ^**'-^ * (jl c_^t_i lj-o* Ij . 3 i\ L^a rt 4_u_al_i 
jc3 . 4_il jl (j^ i n-*o (JlJ"* 3 ^Lj-uij-iJ 4_Li^ r* ' ' ^^1 (j-^ '^ i L-4-3 i 4 ^] dJL>. J ij?-^' 
(_LjI i ii U jl i ~ ■-»- Lj aLl2JI e-t^cJ 5y_aLij^JI (^1 3jjJL>. (j-ul^JS iaLUsJ JJ£. 4Jl 

Jljj V Lgil ,j_a jL^liLt 7-Lsl1i (JjLuiJI (^a j-*Lj 4JI L^jJLc (^iJI ^ujjLitl 

4L^Ja SjHi! w <~ I tig La 2 1 *L^jdl ^Lc JLlt .jjj-»JI aL«1aLi iUI A"^VI -j 
<_ 1 1 iiLait (JSL4-1 Lo^. (<s-^jI *Lcjl (^ l^i-ILi (JJ j-tl (jliSLajil <j^l>. Lxtl CjI^jJj qjz 
(_^jj| J-jI 111 tl lLLSJI (j lr c_JLijJ1 t_tJ*JtJ ...j_Li^aiJI JLa^l (^ 4j j^j-Zj (jl 
i^Lti (J-o-»j 4JI ij^-fi py-olj-J prototye r-Jj-«-iJ j-j>" jjjt-^",. tiJJ j ( jx. («->iJ 
j-LiiJI (j 11 n ->-"n 1 nj . 4jli,->al iLal Jutl LaLflj ^"^ * '^'j'-? ! I ^- U ^ l-*l Cr^ 5 " 
(__b (JIL4-J cLt-al_>J1 g j ^ A3 (3j-*3 (_>^aJLJ t^J-J LoJ_t£. ^_aLJj-jjl (_5 cd^**( i ii 11 
4JL=tjJI 4_u2lJI (J5I inU jLul («^II (j-o iC^JI (jAflJ (^j .3JVI ^ JUJI 
|_jj_LLa_a jjjijia ij_iaiJI (j^. tcJI . ..4^ajjJI CjLttj Jji i""itl -i La U tl ^ I »* 1 1 
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SjjjiUI 6uo£jUI uoiLm? 

^j^N i (jl p**' se 1 La Jlj>.^j 2i La£ i^—JVI L i ( nL>J1 (_9 \ *A i'f> ■*■ ■ ' iaj (jl 4_La 

• j>.jj La SjLtb ' Oj ^ dj 4JLjj»La (—3 _ S La * rt jj 1 -^Q '-'''" * j .l. 1 "*"' N ' ^"'" (^^-^ 

4J2 1 JaJta L_j_&LLi Q^SLj Lo LJLcj Jj ■'!"■"' (JL>J,! ^ *j;^ ^i j j * -"* S II I jla 

(-jL-ojV 1 >-u -»J 1 » Laj ' ■■ 1 p 1 ypLdgJl OLJ ax _j^ Ol aJa3» Sjx. (_o^s_) (jl (j5La_i 

. I J 3E J I OjJ jl L^l Mi'Sl 

) S 9 . d A I " -» rt £^>-J Sjlc (j_a tiJJ^ (cHj (jl (j^-4- 1 *??"* L>^' f - 1 ^-^ "0 
*L»-aLj_l 4cj_«j/ (jl (j-lJ-l o' *— ^^-&i lS 1 -^' tClLajUtl («JLc jJaJ ''-^•J (jii^Luj 
(J iJllulU (_5 ^_auj-jJ1 (— ajL?-**( i n a x_a t^£jj>- 21 ^_alj-Ajl «Lcj-<_u ' "*''•*•> *-Lu 

3ji^>. 0**< lJ l!i! (_IL>.j . LaLa_s d a 111 se rt j-uL*_a jq^jJj (j 2 it tji^>- 3jLc (j_a 

*ljl_i 4jIjI 4JjLiLa JLaivl Lajlj (_J-LaJ i(_£j^i-2l jy_alj_JLi 4jjjLL«-i ;y_aUj_jJ! 
1^ i im' (Jj JjI ^_aLJj-jJl (— aJL^-**< i nt (jS_a_i i^jj>.t 4_o*L) (j-aj • __g^ i mi j I \ y i -»J 1 
^ ^ 1 ■■ (j^jJ 4_i 2 jl 4-al Jlj>"1 1 11I d jajtx^aj ^_auj-jJ1 la, Ldluj (jl CjLa^aJLva ^Ij-j^>. 
Jl^Jj fd i^jJI (_P=!>al (J^jVmmI MYCIN £_aLJj_l 3JL>. (^j -^ j Atl ^i^ 
VI . JLo>L! Ljie-a I JLA (jL£ JLSj '(jJj^l 4jcjLu ,j-a 1 La <& '/JS^jjj/ «!j_ii>J! 

LLt^JI c-jL^JI (j^j-o (j ^jV r ,n\ (7) V.L. Yu *Lsj ^La ^1 4JLUI cjUjIHI (jl 
(_gjdl ^j^j-» uuJl ^j-jij LajLi^, llL! j (j^s j-jjI 3^-^' liJLcjt (jSLj («J 4JI cjj^Lil 

^1^21 (jLS tijjjjj .(^jj>.t «LC9^3J?e^a d U , u | aj ^IjjjJI (j^s <Lca-qj?e^3 4_1 O-oL^ 
(j_a_jjj ^Ij-aJkJI (j^- 1 (jj'-^Vl J-^fP aJju filjt_uj ^_A ^lxuj-jJU Ljj-aLLs L_ii_L«_Uaj1 

. 43l j 5T_aLij_iJI (^ (J-Ju^ J I j 1 j 1 a S I 
iZi 2\ >J) j ' ^^ _}jL?e_a (j-« 1 1 LinjJ >-Ql __g^ 1 11 ill j-lj_>JLi ^lxLij-JI 4_ijLoa (jl 
i_tJ=_J Vjl :t_il j 1 11I Sj_«J dJJjj I 1 j*" (JSLI 4j<>HI t-L*_l!I 4 j 1 m r-ljJr" 1 .ilj 
(j^N 1 (jl __^l i4_J_l£, ^j dj rt J 7T -L3C t<i ^j^^"" '"■" 4_}jLoll X_U3^Q Cj VL^ti] (J3^-l 

5JL>. ^ ^Liui iL^ia J^q^j-^ -■" J_p- JL>^' *'j^- iJ^ 6-° ?'-*^l ^JLl* 

(j£L4-i Lo (_LS (JJ-SLj i3_jj|j_lII (^jill ■ _ 1 1 La x a (^ pjJ^aJI 4i«IL>J,l CjjIjjJI 
.4_Lij^sji Cj^Lscjj/ LgJ (_;rjJlj i^LtS C^jlSj cH^' C-Olj->«JI SLsLa^s jJt 4X»C 
(JL^t_o JjLLaj ^5 I j j ' ^ 3e rt 4J^aS _j-Aj L^J %IuCu 3j-j_o ^_auj-AI (j^-J J^ LlAj 
(_II ^j^^-^ uilJI (-^ tfjiajjj Ji^ d ♦ i ul a <LiAl> (_g) 1 11 1 J 1 ^ j j V U (J9S-1 La_Lu i ^JLc 
(jl (J-J-2 LS-La L> Ijl 1 11 a > j"_t JL^ (_jJLl)Lij i(JL>J,l 3" aJ Kj^~ ^jLu3lj^l 
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J-±£- *-*-3J /^-3 ^£j i ii ill j-u_>JI (jo^-1 1-AS-AJ . --^"^ ' aJI jl i ii U ^I-IJJ O - * L^-**-*- 1 

.Cjl^a-a 

uj "»J 1 a! la Ul S^LoS (j-u 4_tiL^_u3^JJ 4JjLiX1 gLi^» <<■> * )Lj_oi (j-a^ i Ij-o-ij 

I <tlj \Vlj jl ■ ^ i V I JjL-uj I J i a 2 * j j^JJ-II Sj^IjjJi! jy_o!j^J! (jl (_gj uuJl j-u-jjlj 
(_£j-*Iij Ja_u_uj (J^Li- (j_a CjLa^U 11 (jl£. /J ' -^"- I ty-tb^ t ^^ i ii i ) 1 % j i sc U cL^LjJj 
I gqlaju (j^l Cj Laj U U Jj aJL'(3 JlS J^i ia_lS-ji-all Lt£.^_t^j-a I a i a j I j j La «j V J^s 
_}L>J ^_aL>j-Ajl *_ua^_a |C% i ii J| j»l^>J1 *-i-aj 3-Ij • «Lt-aL>J1 £Uj)jj 4j it j j i tidlu 
. I jj'a J mj i ii (jr^II 43jJlil j_lC. • ftjjtMl i. , j , „ i jJjjJaJ! (j£. 

dJJj (^4 iijJ^ 3-a-LS v^jI J 3j_ujJI 3-aiajV! l^a (jj£j ^pJI tljVUJ.1 (jl 
(j;^ mi ) >-j-t-3» aJLcl i n a ' (J_Ia fQ_j_>u «L>.jJJ (J^Jl «L>.L_u^ I j^Q *_*_ulu (Su< 
■ 4Sj"imiU CjI i nl->JI (j-a JJlC (_ ;r 3CjLa^Ltil f«JL«J 4js-Lla <Gj-l>.j s&Sjjla (_Ltj*_J 
4_aJa_ll jy_alj_j *l— L> (j^La_U (j-a 4JI Ji^-J 4lji3j ^ Laj i ■■_' CjzLs. ^j^*.' (_y3j 
. (j ui c »_<j/LjJI J .^.All j_Laj|) 4ij|j-«_a (J^i^- LgJ Cj VLs-j 4l!Lal (j-a Sj-ui. 
4H2jjJa (j^, ^£j i ii 1 1 1 j-u_>JI (JIJj_u-(jLo* 2l -n la * rt ,- a " w JJLJ ' (l)" 0-9^-^9 
I ^ , , ,,",<l (^^jJI i((4-»Ju J aJ I (J-o-»j i Lg-a jjr-~i i uj (j^Jl c ^ j *tH'j-' j - u ^'' w 3 iJ-o-tJI ^j^ 
. L^J LSjJl^s (jl_j^>.2l < la « a ^^ QaSLj V (_ylllj . 3j_jjJI J!ni- (j-a LirsjjjG 
(_yj| (JL>J,I j^i- (j-a i3j-«Ji,l (_LaJ 2jl (<CLji '.(j-GL>.j_a lJ \^. ijllj jojj La SjLcj 
jjajl) gQljLa-'ii .il jljJll ?y-aLlj_Jt ^\ Cj Laj U [ I joJLc (j-a j<u idlLajUU joJLc 

.(4-15 jSLi 

l jl i5_3jjlH jlj_a (jia_«_i (JI_>J,I j_j_lj>. ^ i'i^ La SjLcj 
jSLjj i(Jjl i ii U (Ja. (_ ;r 3 j_iSLfllUI 4-iLaX (^^3 I J « JJJ (jj^J' ;-iljU^-tl 
(_ ? jJIj i4iJaL>JI Ji£.lj2JI (jiuu JL>J,I j^ii- (j la «_' J^ La^ . Cj Laj U U joJLc 
-(J_j_3jJL]l ^—alj-J (__aJajtJl SJljLoII (J^oSj < Li_Aj . Jju La_i£ ?t-3e-Laj (jt c_ t^t_i 
Jl^.1 in" L^iV-data acquisition programs -CjULj-J I ^_il m'^l ^-alj-J SjLc ^ a . .."j 
(j-3 *j_JI J.i-3 (j"-.. i JL>JI (^-3 3_ajjJ.I Sj-cLa ^ -lU-^Vl i ^ .^X ^ic 

i."il«i«~ i nlj ^LiJI OJL^J OJjLaH<-ul (^Ijjl jy_alj_l 3 J^. tiJLcjtJ i jy_a Ljjj I j Lpi. I 

.3j_uiJI 4-aJa )VI (_)-a-*J (^^ 
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ijJ-\ jiJ LS SL_>\s' ^j 4-15 jSo. 



( _ ;r l«j iLx-Uslj 3-C.ljir-i j> 1 JLJ>-~ i 11L1 ifljjtil JlcljJS 4ji^>-lj_a iXaj-i iuJ jj£Lx-iJ 
(8) 

:4-p-l"iiU CjI o-lS-ll C^^o I Laj. » ■ V» » <i-o~ ^Lll! JLiLtLj j*_U3^a 






PROMH £o> aJL^uj 



J^ 



(a Hall I -p j l <(ALki_i j_A 1jL&») 



^T**( f**l I II t 



lil 



lPI 
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(JL>J,! j j i -»J d i i nil Li sLi^sLi. ,2 /i j j A /i j cLx-Ualj dll j LjLlsejj ttLijjalaJl 

'■CjLajUU »l air (j-a (jjSj ^-° 'j-^ lS 1 -*-" 

SJlL. (jJLUI J < t .W jjJh EMYCIN ^ LkJ ^ SjlcLSJI ^pa dUjd 

'.W t 

<( <■ t-Ui-U » 

PREMISE: (SAND (SAME CNTXT AGE ADULT) 

(SAME CNTXT LEAVES- YELLOWING) 

(SAME CNTXT STEM-COLOR-ABNORMAL) 

ACTION: (CONLUDE CNTXT DIAGNOSTIC TALLY ((FU SAR IOSE 

400 

(VERTICILLIOSE 400)))) 
(jLS lil : LaLula {j£l ju^juil 4jJLlII (_Lu>JI J-jJjj o^*^ SjLcLoJI aJJb (j-aj 
j_i£. ^LtjjJI QaJ ^LS I jlj '(J'jJ^' Cr^ J L> ^ ' a ' '-^JLutj LajJaU CjLuJ! «j_a^.» 

FUSAROISE (0.4) VERTICILLIOSE (0.4) 
DATA-cjLjLj-J! c_jI ,„"<! £-°!jj (j-a ij>i-V! 2loL^J! ■ -»! ^ ■ --» tl <j^aj 

■ -■N " ' "' " i-al A'< l ^-Lc Ujjjls (j.4 ACQUISI TION PROGRAMS 

(jl j_j_c_>J! (_5-Lc j » i" i .I U (j-o (j-ujla i j^.!jillj (juljill (_^ i"«l < Vial r.ttj 

SjLcLa w_al_jj_jj! (_j_3 (ji (j i ii tj w_al_jjjj! ^1 SjjJL>- SjLcLa SiLUsJ JJJJ 
Lai *_jj_<j/ jlj-^9 jLiej! i-_4j*j dlli i— al i~n'S\ JU£.J idjjaja 3j^3 J_La cL^jLJ^a 
;y_aLJj_l » j U", , ., i j . 3 J_J Jlj>. 3 JLcLSj I 1 jtl i .", , ..I j| . I i J *" SjLs-lj i_SJL»-! 

:Jlo ai^Liil! j^l^iJI ^Li^l Mia EMYCIN 

(j_o *L^>.j-a 3JLi_uj ojutj iLtiajl I-3JlC.L9 ■ La ui u 2-3jLcLa I " i La •"■ I LaiSLa 

■ dLI Mi'tl l.'i A^^At 21< .'i.lt flj /k Ma j XA-.lt aj<- i" a . tV. ,..11 Ml g aLV^-JI 

Metaknowledge <Wj*lf *f j§ W 
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SjjjiUI 6uo£jUI uoiLm? 

. 1jL>. 1 3e (<*>1j La_l1_} (j-*^ jJ"SdJ**' ' "^ tl^- 1 (JL)"^ \3 * (JJ^ l£9**' ' M U /jj-1^. (j-Li-a 
( _ ;r 3 <jlJ-aL«J! (j-o J-^& AlJLaeJ 1 "I ^\ 4ijjtll *ljj La i_Lj^«-> 5-ij« ir-> Cjjl JJSj 
(Jj£j JL3J .(Jjjs. 2! 43jj(I! pl^J! (j-3 4_ajli>-~i 1 nU (_LluuJ! (jj-^ (J" 1 "" (J'-?^' 
^jt 7c_UaHj Ij^S-Aj 'J-^*' Q^~" '"" ^-^H*- Lg-mAj /-Jit La ^j^"- ."■ 4_3j-«_a £>JJ La 
. (_gj LjJL>. I CjLjj" 1 11 1,1 JJlX. (jlj i^ j 1 11 I a j Qna jjt 5^jJli! «'jj La Ajflria 
4J3jjt_alJ «4£l_}l » 4_iLLa_i La x-aujj <j£ 4J3j-*_U £>JJ La CjLjj**i i n a ^^JLc T ^jaSJIj 

.4li-lj SJlall 
•.4JLUI JLcl^iJI (^Jl jjajute 
J_& Cj JUs. I zjl Jli. iCjL>.I "i i"i 1 11I 3 J-C (j^a^Lj-" 1 ill (j^La_i Lajti^. I -a 

. CjLa.l"ii"ii 11 VI 
.CjljJjI /ai£. ^^^ Lu Ml ^_auj-Ajl l_Sjjlj 21 2-a 
. IjJjlajVl ^j-^ ■"■■" JLclj^ Vjl JjL>. i«LlJ/ Jj^iAII (jl^ I jl 3-a 
^-auj-jl 1 la flj se 1 La J-iu 4_l 2 t I -a p^_l jj-a 4^j-»_a (_!£. 4 Uii3 ^_alj-j (_£^L?o 
^-3 aJlJt". in" >La 2-a £jj ,j_a 4_3j^«J,l La? .r-LiH^VI jl 3Jl£:L2J! JjjLLi 
X sLuLxjVI ifljjtil aIjLJ-" 1 11I SjLc (ja 1 1 a flj sr-alj-J! w 1 1 1 -■» a (j2 ijy-alj-JI 
V Jj 3-L^la 3_cjL9 J-aLijj fj] l^l^-yj ^1 «Lui/Vl 3-ajLa (jl UfT .3 nlmtl 
-a (JILa 3ji£,Ls yy-xlaj I ^j^"- uuJJ Lre_auj»j jv^"' ^jl ^£La_i lj-o*lj . 4_t^j_La 
«Qjl_t-£5l (jLalo*! i»dLt£3 i^^piAJj-j ( __)ia : JjJLI (jLS 1]}! » SjlcLs ^ 0" i u a j--^' (-r^- ^ 
J « aj L<o i4j=_lj_JI w La «" V L$j| ( _ ;r 3 i_aJjitj dJJi *_a 4-&L)j i« IjjjLLi 2L1 
. Jjil^JLlI jj-u LaJ 4_j -^Tu LljjjJJ <Ual 1 n 11 7-jHjj j J ' d ^ ' ^V"" '"■**''' -LCI iJUl 
. 1 ^ - .. A < t\ ^ , ^-»- uiUJl JlcI 9J2JI jj-a 4_j_a^_a^, j^jI ^ n**t 1 u a ^JLc (j^oSj l^-Ij 
3-j^Lj ( _ ;r i (JL>J,I jjiv I j j La »_' (j^JI 43j-«Jll ^-^3J lA -W^' -iLuJLl (j-aj 
heuristic 3-ljjjjo 3ijjcaj Factual knowledge, Jpl S aJI 5^jj>ji -CjLjj" ...a 
(j-a-^LlJI JLlil jc_Us^jj .metaknowledge S^jjlII *Ijj Laj Knowledge, 
.4_dJG_rK.il 4__j_*_U Cj_j^_-__u_a . - ( J^j_l_jl Lo-^Ja_o- 

.Caboniferous precedes pemian : £dL_____ll 4rij_W 

(j-aJa igraptooliths (__-_---. (_g^lj»o 3_2Ja_La cjJl>.j I jl .3_ujjLajJI 4^jj>II 

.Ordovician jl Silurian (JjSLj (jl JjujJ.! 
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c_4_ljj-Hj ^j I »*Vi ^ scj ' aa * ^—3 (j2L<iIu 4_p^jL_u 3j^,L9 /j-#-3 i^QJOll Lot I ajli&jq 

.3 rill-^l oLo^itl! jjL^jI (j j mitt 



Tools and formalism for expert systems. 



3_3jj_U j_c!jJa 3-cL 

LSqla ^ aj-i^a a Sj_iai»J! 4-aJa )VLl 5-a JLy" i nil 4^c-aj_jJ! CjLiJ I - I 5 JjJl>. 

• 2 j ^ U ; 1 1 jlcIjJjU 
JjVI (_gj~ mil (llaJLa -I 



Language 

PLANNER 

PROLOG 



SNARK 

FOL 

TANGO 

EMYCIN 

OPS 

EXPERT 



Author(s) 
Hewitt (11) 
Rousse(12) 
Colmerauer (13) 
Warren (14) 
Lauriere(15) 
Weyhrauch(16) 
Cordier(13) 



Place 

MIT 

Marseille 

Marseille 

Edinburgh 

ParisVI 

Stanford 

Orsay 



Production Rules AjjvLjJ^I Jlcl^Jill -2 
Van Melle(9) Stanford 

Forgy (17) Carnegie-Mellon 

Weiss(18) Rutgers 
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KAS 


Reboh(19) 


SRI-Int. 


RAINBOW 


Hollander(20) 


IBM Palo Alto 


ARGOS-II 


Farreny(21) 


Toulouse 



•.^ULSL!! .a_JVjJ! ^ISLlAJI -3 









Language 


Author(s) 


Place 


KRL 


Bobrow, Winograd(22) 


Xerox PARC 


OWL 


Szolovits(23) 


MIT 


UNITS 


Stefik(24) 


Stanford 


FRL 


Roberts(25) 


MIT 


AIMDS 


Sridharan(26) 


Rutgers 


KLONE 


Brachman(27) 


BRN 


ORBIT 


Steels(28) 


Schlumberger 


HPRL 


Rosenburg(29) 


Hewlett-Packard 


LOOPS 


Bobrow, Stefik(32) Xerox 


PARC 


KEE 


Kehler(33) 


IntelliCorp 



4wJUlf djMM^Jf 4*ti-l2l J&AS 4*§\ 

<Laia iVI ;y_alj_i ^S ^ i "j'lj-il jj i^aJLlI (jl . !jL>- <Lt5cla.m 4_JL>J! ;y_olj_iJ! 

Lajii^. IjlJ>- VLl3 QjSLj MYCIN Jla g.aLlj^La ■ 3 ri l~i -^1 jJt I^IaJ I (jHJ L*JL».jj 
^C Cj La^ 1 * a j-u-ujlLi 0)] <{j\jua ^j^^~- '"■**" La j^palj-cl JaLujL) (Jl S-uiJI J) 1 «**M 
4-xLa-C jl iaJlJI t_x_pj_ll r'jjju O"^ lSJ-^^ * 4_cSL!j TtJI .. Lj_iSLi <icjj_a 

Vj .4_y_ajJ! SjjjJt (^a i.i IS II jjjj JpUsV cr^ ^AH"- lS' jl ■^ l r" ,tl 

<J1^>. VI <^ yt ^-» < aj\ ^j^~» uuj\ /^Jl (Jj^axJl jj_a ^_auj-jjl ^j^ajj I I JLA *_La_i 
lj)l I JUJlJu I j i j ' ga 9 j-^iiaj 4_i£jj i^—uaj-a ^JN i"i i »^. mi ^JS j-u^ij tilt-o* 4_i_}LtJ1 
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Lr ct.K.nUI .ISiJI 

d a u >■ U (^pajij-ill (J-U ( __)J^3Luj1 (Jjv (jS_o_i *» J • JJ-aLjjjJt (jr^~ t£j J X i "*" ' 

J) i*" I 4_j_u1j^ j-*^> I ' ' i '^**' * (J^ 'O^J*^ lP L)' ' "">-**( i ill CjL>.jJJ daj-uiJ -o i a Sj i 

.SJi^tUI 2j_fcLLaJI c-jL^V 
4j>.I^j LaJUC slj^l ^ 5y_aljj_JI jjjtjilj ..f|j2?l (^ «■£; mil jjjfcjGjI 

*b^l jjjtjQj L«£ i bjjj*js Ui^? L« oAc (_g JJI i4^ljjl JL*-a rjLi- 3K 'n 
r-l" '" inV «common sense /njlmtl (j^uJIo aIjljt'i.iI ( _ ;r l£. ;y-aLJj_JI SjJLS aJjl! 
(j i c i -i j a j j-^' 2-aLc j-iSLij Sjji^ j uul\ dlla-i L^-Llj . ^ L&k\ III cjLjLlJI 

ijjjtjGj («jt«lj| (jl *_a L-ialjJJ lillj *_a (J_aL«jJI (j-o lilt!} iji^i 'J -(J5I mult 

.(>QtL>JI dJJj ^ iji^l *Jljj (jSLtj 

2j«jjt-^tl 4ii!l -i j*» 2 K m a J I j3 V ajjU"^ j jA Jljj V 4-lJLjjJI Cj^I i^ijJI 

(j-O (jl 2f| . A^t '*■**( I n It 4— iq* (^-> jjjnj (JN mi 1 l_4-3 tC i ( nL>J1 /yl£. 3j-u_u£. 

J JJ " ^—3 Ai ) Sill «L»_uj cujJLJI /J i £Lu '• 1 1 (_3 *_u3^Jl 1 J_A (j i n'^o (J-oH^J,! 

.oLJLoJI JlcIjJjJ S-ut-ioiaJI 4JtltLi 4j-LijJI jy-alj-JI 

CjL L ^ tt— ljI^ "1 i i i z 1 (jt (J-J-3 (j-« (J-J-3 JLaJ • «L_lj*_uIjIIj_u z I (Jjjuu 4-ig* (<■> 

w J a I j_A (jlr j i4j*-ajjjJ Lajlj ^^A 43jj(II 3jX.LJ3 j J i ■■ flj (J £ 4_ajj-~i i nil 

3j-j_>JI (j_« ^j—?* ^-)l_J^t_plj^-"2l I 0JL& (_3 (j-«iSj {1)^9 iC ^ J l>^i **-*.! Cjl!i 

*UJL3 "j L^ijJjLJ (j^-J (J"^* C ^P'•I-^ J ^> ' Jl^I 4^11 d La i ul aj (Jli-4-> (jl /J tja^ * c^ 

(^-3 mata-rules J— clj_ 2-JI *ljj l_o *\j x " ml (jl_^ J_aj 2 lj j ■ ■■ j j $ I 

.oUoVI Ijufc w 'a-.-.ljU^ L^.03 ol '/r.'- ; j u ^ (30)TIRESIAS j-oUjj 

w I C 3_jjl_C J-J-C 3jJ_S_a tjl i ii l^LI (jl . JU>.lj pj_l (jjs <j-"jJ (JVjGjj/VI 
IjL^J l_2^j 4_oJLlis_o CljLjja_uljIoj/l aI JlJ>-"i i ulj i JjLjJI i—iSjAI «_o ,_jaljjjl 
^j^j-Luil JLcljitl (ji^- aJLaHnil Sj_iai»JI 4-»Ia 121 * j'^"' ' •■"' ^> \-*J-±f ' '"'it' 
.dlli (j-cj" m'l ^pJI 3_(-aLiJI oVUJI ^ SjLUll L^UIj^.1 jmm (jl 
(j_Lc rfs_^_3j-ju Jj^J, 4jj^b CjIjIj^ iiiitjl (j-u^ i ii itl ^1j-^>JI ^j^* i J (jS_4-JJ 
(_,-3 (j^>.LLaj Vj i^L-u i_a3j^j j<ukj£JLj f^<j<3>ljj i^j-tl i-iSjll (ji « ( _ 3 -<Ii 
(_y3 (jj I « flj Lo LtjUai-lj CjLUaljUaVI ^->^aj 4_lLjj>J *^5titl (_ytl 3JL>JI a JJt 

.5jLuXI J^Vl 

,-il ^j .U'.tt ^^3 Sj-iai. <L»laJ z SjjJLc sdiLol (jl-JLltl ^ I LaAJI (_ya ( _ ;r LajLjj 

. 3_i£. Lu^aJ I j 2 j ■ La 1 1 
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mj (jj-Lc^ ^jTi-i-u-a ^j I C JJ <^*"tl 4-jI^C (jyic ^ ml miT (JSL^tJ JVjGj-u^U =LaL*JI iy_AUXI J-4j-*J ( I) 
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^\^~»MM~*£&\ 16 



lfb% 






3 1 b, ".VI ? LiJ N i^a-fl^a VLa_a i_JaJI >p-*J 
Li^sL>. y •■*» \'i. ^ . ^'-^ _i^ i. 1 1 1 nt I IjL^Jj i3j_ui>JI 
^ (jj^l i_jLui^J] (j-IjVl --«l^;U-.tt c^K JL3J .<J 

LJLcj . (jlalj-a^/l ^g. J^&l ClLajU a »-aj>.j Sjl^^l 

Lclj-SJ S^La 2 j '<1J-U CjV. L>JI TcjjLj w ta «_' La 

i Lj_La 'L^Ja 4_uLi^>.l /JjLjJ r-lj^JtlLj/! (jSLa-i CjLJLj-lJI 

(jLUj^u ,j-a (jjjtjjal (jjj ( _ ;r u3jJi.l «LiZu JLaaaJ JLa 

^-3 3j_cl imU 3 K ui a !>i-J-a C^jJj-C: J-3J 

aI J se-j i uLi Lai ijjt_jjjja JL>.L) w <UTI ^a_pe_utiJI 

cjLa^Lc »lj S" i ..V, (JjJs (jjs Sj^jjil cjLiLlJ! jlcI^js 

J) J J k J * Ol l ^■^•^- uUJI q j^palj-a^/l ^A-i ^Ui-iJ «LaL& 
lj-j>.J_a CjJU>. La_£ jl i «L_j_ua Ljj j «l_j_ajj1^>. Jjj"* 3 

2 ifc'. VK Ly ^ | ;t VI ^Kjd! 4__LS3 ^ Ijl^L^L, 

1j-j>.j_a 1 a t«afl /] Lta-dJl 1j_A (__£ - Laji *j i3j-u_>Jl 
4_j_jJ_>J1 ^ j -*■ q * V I 4-l-q-AI ?r_(Jaj_i L_4_a ^ J J ' ^ ** 



97 



pj j mi O) g La] JL9 j-jjL^jJl jj-* l>jn (jl L$-Lu (j-« i3j-o* ^1 d)l^ uaul /^ 
jj-« lLU.} £j£- ^i-t-i Lc x_o 4«Lj^_j_>J1 '"«' al LcaJ I ' a t -^ jj O^.. - "" .""it ^_3 ^ 1 U ^ V 1 
L»jj-i_oj t4-Ou -^"a V 1 jt d ^"» ' gaJl «Lo*LlJI £jja ^1 oj-o ? ^"^^11 cLkufcL) lJijJISj 
L i i i ii 1 ^jLu-oilLS ^-jL-uJ 2l ' ^* LgaJl jj-* (•r 1 ' JU * '- ' i uL>Jl (jt Sj£Ls CjI i in Lc 
L>JI *! j| (jj^j JL3 lilljjj i(jULA (j-ajiejiiJ JJJLJ aJLkJ J uiAll J I i3^*J^' 
ie-JaJ! ' . ■jxl aJI aLu-aV (JJ^J LoJ-i£. <LixIaJ I CjLiLuJ! jj i ndJ ^^ J uaj&\ 



iCj! ij" i nil ( _ ;r 3 sL>.LlL! Sjlo-^JI (jjj-laJ! ouLs L#J2 Lxjj ''^^jj'^^j ^LjSI ■^•^■1 

.^ n miTLS Lstt_U3lj A J J ' a ** 7e-u^3 1 Lo (jLcj-t-u (1A-^J 

Mathematical methods ^wiibjJI $,jtalt 

OIjLiSJm alx^ajye aU^J iJUi '-»" • ■■! IjL^Jji .-<lfc»-*.\l tl jj « 2<»j,t». « If fr Lo 
4_2-jj_LaJI oJ_A J_«j-*JJ i4_ujla (_p3lj^.l jl CjLa^Lc ^-iLxC. jl -^5^J '-. ' ' "~*-J 



' d ' a J (j-^- 4 - 1 ^ 4 l^Jt^t-oj LJ3j)jJt_a CjUjUI i^y^i L^-La (Ji f-^3.3^ LH^- 1 (cJr^J-^ 

5 nj^VgJ OJ^JJ *>f^' J-i'-*^' (jr^ 'X '•i^rP- X = (xl, xn) vector «L*IL<i£ 3_iii) I 

.^LUI JSL^iJI 3_u^UI 

P(D/x)= 2 Vj 
j=l 

(fC^-j^i-ll-Sj-ujJLl (jlalj-C^U X J j^^a-LJe uliIj D i^yzjj-<tll \uJt P j-^ijj) 
JiUIuj . V a| 4_l3L^ <*_>.JJL] ^^ajj-LI 4Jl^. (JjLiaJ ^j^j^ uilJI ,jl^ 1 jl Lo jj>.I 

aj^_<i_j^ r-1jJtIL_uV ijr x^jJLl ^j-* ^-^^ 3nf. _sL?e_jI ^^ 5_Sjj-LaJ1 ^jla 4jj_*_t-a 

.(_)iajj-Ll <^-Lo j-jIju i^JUl (_p3j-U JujL^tHJ (j-uL-u^l ^--A ^Jjjlj iL^ld 
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pU?UI pJLcg i_ikll ,^9 ijjjidl 6oo£jUI 

^J d j If 3-jLvV! lS^Jj iVJjj/ 3 Lac J£ Jllaj ti^p- decision trees, j!j_2J! 
w La «" (_ 5 -J-II 4-j-3j_LaJ! SjjcjIJ! (J'jj' o^! J ' '"" C5"* 3 " I-J^kj 'l£>**' SjJic. 
gLlal inM-CiLa^UU »1 glr j-Ia-1 4_^>.j jj-* - ^-^?-^' i> JLA J-lajjj 'O^"- uuJI 
SjjJs aJlC (JLalo.! iSj-JaiJ! ^gjl i ii U (jjs (j 1 -"' <j-° o -1 ^"*^ ^ j *^J 'Jj* iVitl 
aJIC JJSjju JL9) 4^ejj_a ^j^l ' . ' ' '_' (j 1 -*- (J'j-*-" (j^ 4jL». VI ( -5 id <_>^i>^' 
3ijjtl! (^ r I *a 3. 1 i— a I m"iS I Jtic SjlxjIJI (JjJiju 4jj » i <3j i(«_oLij^J! oj^Ijj 
4_lj_ljJI dJLjj_LaJ! *r <i i ii "j J ua a] d J S. J i j K I CjLajl«-a j^Ijjj LaJUc jl 
4JjLio J^Mo- (j-a nju'-a o^J-*^ <_>^i>^' ^-iL^s! (JlxJ*-! t— iL^ajtj ' Bayesim 
3 a \~ kXI ^palj^SU (jjunll jljiOJLi i>SsJ>il ^yic '^N' L ^i\ (jislj^Vl 

J L»l>. I J!Uj P (s/mi) olJL£ I jLa i^j-ll I J^J JuLaxJ 4jL^>I a_JL». J£ ^ 

JL1I0.VI JixJ P(Mi) j iMi <_p=j-o (j-o (jJLuj (jiij^a ij jz S ,_p3lj^.l 3 La a. ^1 a 

L ya\j^,'] cdas~jl I i! jjl i(>uiiLU (_^=Lieji/Vl ^ WI (j^J-^ 5jL^s^L) ,_£^a^! 

■.^-JLUlS tJ^oS-i Mi ( _p3j-a_J 4HjLi-£3l (Ji_aIo*I (l)"-^ ' '- L)^!/- Cr^ ^ 

P(mi) p(s/mi) 
P(mi/s) = 



2 P(mi)p(s/mi) 
i=l 



: sUJLlI! t_jLjjj/^LJ u-JaJI (JL*-a (_y3 j j '^»* dj 1 njjtl sLSjjJoIIj 




^ ll ^ fl ' J l~ 1 1 ' ''-^ , 



1-16 JS^i 
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(j-o ( _ ;r la_<JI 4-o~LiJI ( _ ;r a Q^Sj (_^lll 4Jaj|j_Jm CjV.La_o.VI j___jL_c J)J_C - 1 

JjIjijJI a! Ji=-u-.V 4j*.L»J! jl L»^ iSJajj <-Sjjij La Ij^Lij !jl»- j_u£ jlcIjJjJI 
.^jLlil! SJsj (jjo JiSj 2 .^al 111 cjLiLAI 3jr>ilj^Vl 
mutually exclusive Liuu I j •'--"; ,_,*'_' ,_p=>!j_oVt jl j^.!jJil! ^j'-j""" -2 

Jl>-!j_u La ljJ>LJ CjLUsljji! oJLAj tjl j*ir VI ( _ ;r 3 CjJL>.| CjVL«_l>.VI *-uao. (jlj 

.^alyl (^ 

d «a j A , ^. rt ^j^,j^_ (_5^iJt_i i«Ltia2_L) La Jjj 1 jl jljJLJl j-jjjj ' (jtx^aJI jj_a -3 
5T_&I_LU JjS /j I C J ajJI I JLA Q .' '-'J i(_^aJ3E-uuJlj (_palj^.VI (jrU JoLjjjVI 

■LijI .^»->. VI Jjj ktl ^Ir 3j-a_L«Ji.l 
ULtSLaJ (j^Jj iJjsjuM ( _ ;r 3 (j i "J. 1 ^ w. >J^~*" "~ll 1-16 JSLZu tc-Usjjj 

.jJaljJI ^yfl *LLVl Lgj J-OJtJ ^^IJI 4ijjUI Jlaj V 4J| Jl£jj (jl 

2 UaJVI (_ylc; 3jla1«I! Jj>t»JM tPl S-sL^sVLi-vijLiLiJI jlcIj^ <_LJ^xj <_£-*? 

^_jJiJ (—UsjJJ (j-a -iJJtJj jj»ajjl (j-* ^>-^ tj?^^-* (jr^ ^ Jj ' ^J-*- ' CjVL>JI jj laj J 

^JJJ! ^j S- rnVlj g-LUXu.V.1 (>c L^j_c .SJIjuM 4-jSLUjKVI cj^LaLdt 

Sjtabtij jj>a U>?J ARAMIS fjj nu dilj JLlaj . *LLVl L^g-a jiej i ,n 
(J^JLjJ Cjlj-iH/jjU ^A IjJjlC (j-SILu i l_Uajj-a t u_Jaj| j-a^5 1 a K 3 i _}j jj2J llu_u 
4-Cj_a^*_a jl (jAjjJL 4_LjLx-a 3_IL>. jx. j , ..A" , ,,jl CjULioJ! SJlcLs ^\ L$J 
' g^Jall (_j>.jj La_a 4(_pajjU aJlojj /7^L*jI /q^j (Jj?e_<_ua -n j ' ga-i5e ■"■" jnn ^—iJaj-a 

d ' ^JJ 7-j-lSJL1 r'^LjuLj 

Jl^IjJ3 ^.a JjUiII a! jicl^Li ^Jl 4jji Wj_lJ j^-il! I Jut LJ j^jjj 

( _ ;r i!t Cj ! j_«I/j\aiJ ■»_;■» LaJI jLlo-V! (^^Lc "^ J ' 1 1 \j-& ^"Lso JLalUjj iCjLJLlJI 
Cjj_jjj SJjLsca Jfla iCjVjLa^s 3jLC ^l!j^>- J^J iCjLiLijJI JlC.!j^ ( _ ;r 3 ijlije-u 

(_LJL-»o ( _ ;T JLc !jl*1«ji jLlo-VI I jJt Jji'ij.ll JlcIj^ > i>ijJ t Robert Blum ajL 
4^c_u_i cGiUI (jljLai SjJaLiejs (jjs i_dJj) ^^ La «_a iCjLiLuJ! JlcljiD w "'l Laj.1 
OJUk Jiuaj 7t n i n"t ^>L3 iSj-uiJ! tLoJaJV,! ( _ ;r 3 Lai .4j1sL>. ji 4-i.aaU CjIJI-lJ 
Sj^ Lajij-" i ii a L&JLaj < " « I ■ V» a I ~ ^J Juu-Li .i SjjJ»J! I j) ' . t-xj-LaJ) (jV .- I Laj»2l 
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pU?UI pJLcg uJJI y^a SjoxsJI 6oo£jUI 

(JjJLxjJI u La «j Jl2^ idll j *-aj i4_aL«JI Ji£.ljJi]l ^1 Jo-i^ol! (j^sLjJ! oj-iSLoj 

L-J Lalu V L$j| ;y_a!j_i (j-a I giu i ■■ La J^ J^£, Sj_iai»J! <L»Ia )VI j^a-i La (jl 
(JS i"ijj i4-> 3j>aj*.jJk! <13jjlJi! jy-aLij-JI L$j a JLa-" i n_i 4 __ r ILl 1 4-lojSLJ! LaJ m jj aj jl 

<Ll lulSlJI cLx-aj-JI Jjj-LaJ LaLj I . >.al '" |j_& 

in-j (io) pip c_^uj / 9) mycin o^^jLa -cr^ <^i>*ii a-JaiVi >£ij 

(l5) PuFF t iiJj^j 1 (l4 ' l3) CAsnet/Expert, (12) VM , ( " VeRNIST/CADUCEUS 

^^ 5_aJojVl oj-ii I a Lj 3clJJ . 1973 iLc JUlj 0-jJi£ I j « j -i a. J IRIS J 

^''^«' AjL^-l i u-l3 ' d * o ' eaj 1 1 4J3jJtJJ (J_u_aIU ^^JJ ' a *l ^ „ ' ^* L^-al JLa-"i ( nl 

frames «cj!jLLaV!» j^s-Vtj 3_JVjJI cjKjm.M (j^ + jllj iS-l^-Lu^I jlcIj2JI 
CjLa^LjLjl tl^-J uLsLljj V I j^J-l -n j J I J I J >i I /J& LUaj] ^jj aJILse 1 LaS (_^-£> ( _^ 

(_f J-hjj ^j^J~- •"■" ^\ (Jj^axL! ^t i iij I j .'--.». a i3_ajj?-~i i ntl CjLi^cjjIjjjj/V! ^^ 
(^_l J^Jij-ajl ^jJ)jj>. 21 Jjj- 1 '-*-4*- 1 L Loj_*_u_a 3_}Jl^e_a fit_i_L*_a <l mil d**fy to (JLaIo*l 
Ij-l>.1j ij^pajJUl 1 JL^J «Lt-£sL>. CjLxJt_uljILi_ol (j\jajL2r"t i u a fiLLa2L>JL1 '"" ' ^ > ^"" uiJI 
d a ' a /^-Aj i ' J ) 1*" j-jj-ojj TJ"^" L^~ M^J^ (j - ^ ^rh 1 "* 1 "^ 4_a_La_) 2l I ajliej 
. gLJa-a JLa-"i i uj t ,i jjjjul LlLujij ^LlLsVI cLaj t. t-uiSJ cUjj^j-Us 

-.(j-lLJ! (JL>Jll ^ Sluj/Lu/VI Sj-ioiJ! 2 *laJVI (jJLlI! «j^>J! i ^'^jj 

MYCIN ^miW 

<L^L>. 4jjjtl.l (^Ij-a^/l (j-ajitjiij jj* j_ujJI aUaJLJl I JJt <j-a i_ajL^JI (jl 

j^c 5Jjij i nil LjjjSLJ! ( -5 i^- <_ 3j-«jJI (JjLajj i^^LajjJ! JjLcoJIj ajJ! ^jjlc 

LajLJ^. 4_j| j_A jLLkJ.1 i '* aj 1 1 j t 3 j i nLtXI <tCj_>Jtj r-^L«J! 7-IjjS!j (jlajj.! 

L^J (_£j->»JJ U-^^' j' aJJI (j-* ^-^^ ^-'- a J^>«Lj i ( __)Jajj-a ^-i^. CjLa^Lc s J IaJ 
j la 'I) 4_lj>.LLi! JLcIj^ J'n i"i ,^1°! SLolxjii! CjLajUU j^C J-JJ>-1 (<U i5x.jj_a 
J'C ,"i ^^.3 l_j_aj_A 4_ujJL! i—kaljl! (jjs JJjlj d »a pj 1 1 j (j uig (^LUI J LaaJI 

JL>.) j^Jajj-a-l (JLtXl 1 JLA J) 1 *"i \J .2-16 ^J\ mi ^—5 (JLtXl J-laji i4_j_i_pjjj 5j^3- mi 
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^UKxoUl .ISiJI 



organism 



1 1 vis- 



Patient 105 




Culture 1 1 **jy Culture 2 

(recent) UjJj. (recent) 



organism t 



2 4*-jj> Culture 3 3 apj^ Operation 1 1 U^p 



2^'ii" organism 3 S^yif organism 4 4,yis" 



1^-^p medicament 1 




medicament 2 



2-ivp 



medicament 3 3 T y^ 



MYCIN jl_J ij»A 2 - 16 Jfo. 



4_lL»-C 4J C^-jj^>-Ij i((jLliLjjL>. (jlljjlj 4-4-iJlS 3jL>.!j) pjlj-o C-S^ij 4J 

(_>^j>-U (j^-Ij (^tZbo^JI tjry^-jj-LI (j-o J£ (j-3 tS j)'<~< c cA^ Jj-^J So^.!j 

4x-ijJi!l 4cjj_l! (^ ^JJ ''*"* LA-"^iJj^J ' I j '" 3jL>.I^J r-^L«J! 0-><J JljLo 

e-^j-jJ! ^ LJjLcLjij dn-v (^-UsLjjJ! (^JjiILi) j_<jtl«£ J-«j«-!I (jJI (jr-ijT- iVttl 

A^al I (jjtiil 4-aJlJJ, I Cjlj!j£ill ^1 
cLiill 4 i mm 3j^_t-a (_3 d la j ' ■■ i ^lxuj-ajI (_3 cLajLa-" i n U JLcl^-aJl j j laj a 

(alj 3jx.Ua 3x.LJa jujj (j-cjlaj 37 (jii jlxLJj_JI (^JJ LLUol liLa .a^.^.UH 

:^VI 2<~ I ilaj j-o^l I j-^-I Cf\ i 'ijLa '-. 'JT"" "J '37 

-.37 3 jicla 

j Gram-negative i_JLj/ i_jjj£L<AI -2 
j "' . 'j''-^ a » (JSL<Iu ( -5 i^ <jj^JI "3 

. « enterobacteriacae » f_jj (j-a uj^SLJ,! (jl (Oj 8) (_gjJ3 JLjIo-l dJLLA :qi\ 
4j>-jJi cHjjJ coefficients Cj^LaLnJ.1 u m-aj ^ mjLa (jl Jlill I J-A u^HJ 
J i^a-aJI ^^ Ltl 'it i>ijl (jjJI «L2jjJaJLi jyjLlill i>JLA lLsjIjjjj ijyjLlill JLCo-l 
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pU?UI pJLcg uJJI ,^9 SjjjJJI 6oo£jUI 

q\£ jlsj fuzzy reasoning ji£JJ.I j-j-c. JVj'iuVI 3 M.^LLa jiig. j itif (^Jlill 
t^j jJa II ^j^"" uilij SJlCi i ii U 3j-L4_>J1 d o la )2I ij^-i iJ^j'j "—^^M^H tlA J - UJ '- a 
(jj-* 3 j^c i.'it j II ^j^ (_JjJ9 j_uLj 4J tjlS Cjljri uu i ii U (^ 4JI m" 1 11I aJ-C (<s-C-jJ 
(_yIo. KLallJ-JU p^j_ill (ji *lj_jj*JI Lj-ajlir" 1 nj (_^jJI (JVjuj-uVI (Jj-* 3 iJt!-'-* j 
Sj-SLs »l <iUII (Jj-23 ( _ ;r 3 J .'--.All jj^j^ijLi jjlS jlsj iLiajl i_JaJI JLx-a /TjLi- 
4 illi j-uj3 ( _ ;r 3 Liiajl (j-u^ijLo Ajiitjjj/I La£ ij 1 itAJ I (j^. 4_3jjlU SjLcLJS J '^'*» 
U^J" > ""^ (Jj^5jjJI (_;,£ I j « pj (jylll (JVjGjj/VI (Jj-* 3 C -^ cA^ ' . ' 'I 

Present Illness Program (PIP) «jJUl ^« jA' 8*tl>J 

4-l3 3-3jjJ.I Jlajj .(jKII ^Ij-al (_j^iase-uuj MIT ^yfl j-aLJj-JI I jjfc j_jL 
(_y^ LjJ VliLo ^^-Lajtjj t(j ■"■■'- ttA\hi\ J 1.Q-AJI jJajl) 4_usj_& CjLJLp JSLi (ji^. 

I^i^n; tS^3i 'p^^m (j-° p l_3-»T Sj-g. 4J QjSLj (jl tjLiSU (j£Lxjj . 3 -I6JSL«I/ 

^e-Luaj) Ua-mJ 4i*jsj /^-a^-i ^j^» Jig t{\ la mJ ■*■ jj a ))) la * xj^^a ^jLjSJl (J-*^* ^—Jl 
Jl_Lc j 4 (■ la ■"■ « j-;^. t_£ I) I JLt-u-uijO «ujlj>o ^§j^>- 1 ?c_a^i_a iJJ LlAj t (1 la ■"■ 1 4-uZj 
fj^sclaj lOjjUieJj Ja uuJl (jLjSLII (ji^- /j-aLJjjJI aLoH^I jijjj i<-lilJLj£-J1 «L>JIjla 
. Uajij 4Jj£ <^c Jj^l oW^-" ' "^j'-j LoJlIc: JaJaJ <UuJI oW^-" C^i <*L»JJfcVI 
_}^>.j ^jl <■ i i i hi Lai ij-^>>l O'tP J' p- 3 *' ^^J-Jl ^jm\ )l cuL>. j-jjuj ^jl ^£La_ij 
. 1 ^j^ajLjj (jLa-alLa Mj*y jl ijj>. VI -i^>"J l? + ■ ' I it>jL>. I 
(JJj! JLa jl (j^s-J = »l iii n" 1 11I : u-u mi l 

JjLila 

Cr'^hP'-'M) ^h^ 

^Llo^Ij ' a * ' «a :» ) jS^j 

oujLs- Streptococal Cj^Jj :t_i l-u uu 

fj-LSLll -n se ' a J ' » d J ) 'I aJlJI JaJi > '-^ iaa 1 nj . ^ tl - 1 'A , ", , ,,l ;< il 1 1 ,i| 

. glomerulitis 
jL>. 1^5!^ (J-<^ '.cjLfl^.LUaJ.1 t_jLjj/l 
callulitis ^gjKII ^-jinill t-iLjlJI :cjLa£.LUaJi.l 
ajj glomerulitis ^ I r Jjlj (j-aj-aj «_ajj_a j»j ■ La « 1 *-» : j_l«J.I ^j^j-> uilJI 
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»l 7l I n"i I ill ( -5 i^. (J^ JJ^"° 

Henoch-Schonlein Purpura t;r JLc Jjj (jJajJL *J\ 
PIP (^ Acute, glomerulonephritis oW^' <J-° *>^ ^ "'^ ii^ '~" 

INTERNIST/CADUCEUS &idjd 

» Ij-dJ La jj-^ ' "j'*" (j o ' ^**'^J tTj i i <i**m 1 4_*»aL>. /J& ^-auj-Ajl 1 J_A jola 

(j-a (_ !j-2j La jl j"r VI (_y^ JL>.jjJ tdjiViLJI (_ps!j_a^(! ^^ ^j^j-» •"■"' 355 (j-a 

.^La^LiJIj ^tj^Vl <>a 5500 
.(jialj-a^U i^JJ-ij ' ajJLLaj Sjjj^s ( _ ;r 3 jy-aLij-dl I JL^j 43jjtl! SJlcLs Jflajj 
i - < I la ^ \l 1 1 J a i"i"j .<"«! b>-^.\l 1 lj jjlalj.aVI (j\j (j-tjiLso! (_y3 Jajljij dJLijtj 

JSLI 3j^ SjvjJ -^'J^^j t3 XjijKVI vZjLiLoJIj oLa^L«Jlj 3_lUsjJ.I ^Ij^V! 

"jj*"- "~ '*'"'''' (jr^J^ J ^*-N U " 4jJLl!I 4-2jjJaJLi oLsoV! £j£. j_i*jj i4lajlj 
« d 1^ ^ y II ^laj^Ldj ^j^"'" moll » 0j\ tA niq-v ^—1! j d < a (j-° ?*\9l>-^ ^3^ ^-^J^ 
JaLujVI jlj-iil (_£^-° fl J-* 3_jill 'l^-jJ (Jj-ajJ id i nn-'w ^1 I (j-a Sjja s ^>-J-i L$Jj 

^•v (j- 3 'S.>Lui* j_i£ INTERNIST/CADUCEUS <yi joS^t ^SjjIs <jl 

(j^"ji*r-ij^ ^1 j la h ^q£ i^jVI *L>-jjJL> j^-aJJ U^J~- "'"'^ (j-^ LajLajcl 
(jlj ■ oAj V (SjLsJj 4_ulsji La-&jl_QcL]) La-&^l£ ^LS I jl (jl" i n^Lo-a I i J '' (j-1^ 
££_}Li_a 4j^13 iJjLlAj ' 3 \j <* * a I o j ' a JS *j i "^" l_a_a jji£l CjLIajv^La ij^juds^a 

./^Jj LaS 4_iJt_u1jILi_o1 
(j-C lii^e-ll iCjLlUsj^ J-Jjl <j-° J-^' Cf^i <j-"^LuJ! (jK I jl : ±\ 1 1" i ..VI - 1 

.d i ii^Lull Cjljr>ij-aJI JJLC ^j^j^-»" jjja (jSLaj (-;r jJI d jjl i nil i " 1 1 la a. y ^ 
(_, Ir j£j i4 j 2 (ji_i 2 i ■■ a I *~ 1 1 CjI ji<ij-aJI JJL£. 7-j!jj I Jl : j_ujill! -2 

(j-c cit^c-i! ij^^LjJ! .al ■» i~ i ..I jju tjLul (jL^ijiejSij ljr 2A I jl :3jtjLlLI -3 

,(J\jla Jo. ^—11 I o gjl ^-j a (^_i ^j-ilLi J ' aqj CjLaal»_a 

Ventilator Manager (VM) £*Ll jd 
f-^j hu (j^s >>»^ Larry Fagan o^^ l5j^ J^^J-^' '•- JLa ■*«■'—•**"•• I 
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pU?UI pJLcg uJJI jjS ijjjidl OoolijUl 

4iJCjJ.I tljL-uLiJI ^ L*Ji^>.j J-«IjJ,t »UaJ.Vl i_al uijSI -I 
system life support 3Lj_>J! Sj-jl m a 3 j j ->- 1 j J-Li- (_gl ^Ir <_Sjjil!l -t_i 

U 1 I ill-ill *IjJ>.V! t-jHsIj 
^Jaj^jiJ d^j'jj , ,. ATI cUL>J1 j^a-ijtij -_>. 
U^ (jiajjj.1 5JU- ^ CjIj-uljJI JL>.| x^o i5jJL«II ^ oIj-ljJlj 7-lj^l -j 
(jnfiTitl (^1^ b- 5 ^ U3^J o' <_P-° 'r^L«JJ JlaV! SL^IaJI L-SljiAVlj jLO^VI 

. 4 j 1 <ij-a gtSjjJaj j j 1 iij 4JI (j-o JiSQil T^LxM SjLjjlL! 3jL*jjj/VLi ^jjll! -_& 

Casnet-expel (Causal Association Network) 

. 4J3j)J-*_aj <L^_U3 1 J C^-Se-LLta t 

4 j «Vi U^lu ^MjJIj CASNET g-*Li>J ^ j^ EXPERT g^Ujj 

CjVL^cJJ j-jfcLLb (J_lj_4-J edl_t_A J-*-j jq-Ls t^ ' 'i jL^*1j J/U_ujLa J/U 4j3^L*J1 
L<iS <-{£j^>*\ /jLxlj-j ^.Lu ^—3 lJLA Ajlielu-tii Jl9j i 4_o* 9J9J Lu 1 j 4_o^ jJ^_u_u_LiJ 1 

,5 - 1 6 t jSLtTo ,_J3 7r-(Ja 9_a a_A 

:£tjM 43>l3 (j- 3 EXPERT jl£.I_j£ jl 

1 - < I U -. \l II ^j^j CjLLajljj - 

CjLUsljHaVlj 1 " 1 1 la a. ^1 1 1 (jl-J CjUajljj - 

CjLUsIjj^V! (j\j CjLlajljj - 

oLjol ^^ Lajlj JajjJI (JjSLjj ic-ijjjjJ! IlA^j Lajlj JLcIjJlJI ,_j^jiaj ("Cuj 

(^ 3_lj*.Lij'^! jlc I j-2-L! r-l"i"i.iVI 5JT J^uij I jla oj^ o' l?j'-^) f L°^" 

(j 1S1C (^LiJ! J .^.All 
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BftSCPAMniAL 
STATES 

associated 

lin;s 



) I r~i\ I f™"Toss"oT^ M l 
y f l pain tj * J~~\ visual .acuity I . __ 

/ O* ' — >-.£- » *»k T 

f | systems \ ( H J ^Xs Q 

\ ' S fuzzy I _, A"*Ulated| \^ N ~~1 ophthalmoscopy 

w V^ 1 virion I M pupil I ) > x | c/d 0.7 



OBSERVATIONS 



i^.Utl ^ S^-uAJI 2 , t~',V I-I6jjj 
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CASNET 



(UjT>,) 




g~2jji ^J^j' ' » 



EXPERT j CASNET j>- 5 - 16 J<i 
^JLt C Lvi «L>.j_i C^jLS ljjLs ij-iS^I 4_a_jj2jl (J_aL«_a JL>.Jj ^Jj i«L^_u_ul (j-oAj 

JUj»-VI 4j*.jJ Jlaj , 04 J j>L*j L»£. j 1. 1 1 n~i<~ /<u , 06 Jj>L*3 La 3j,^a 

( _ ;r 3 j-J-«3 (jyJJ )«_UsjJI I JLA Jiua (_£J>J-j3 t(jrt-uijLa (_a j-a 2 1 ' ^"'~-_' Lq-Llj , 06 
(j2 Ij-J-iS 5y_)LliI! i_alliitj V dJJj) f-aj . 76 ^1 J i aaj I d j i <-ij-a.il JLaloJ '^J-^ 
AjLJ>-" i ii" L$_ll L«-S (j1^*_aljj-j! (_y^ ^ allje a (jL«-a LgJ (JLa_L>.VI Cj^LaL«-a 
«L>-jJ) ( _ ;r ^ Sj)l_jj_II (j-UjijLa li i ii -e^ I iimj'h '.^lxLJjj Ji ^^ d A h ^» « 42jjJaj 
f^ijj SjLjj (j_jj) JL-O.VI 4JVJJJ ^yX^LuVl JS-J! EXPERT ii»L . JUlxVI 
J^cljiU! (j-a j-jS^I J)Jl«JI Lg-ax. Ju ( _ ;r ll! 4 ji>ij-ai! SjLjj i_jLvajsj 4jL^JJI ^j^ 

. LaLuij! Cj I j i <ij-aJ I J-&I L^JI— i (_^>-JJ La_a 
J! VI njljjjjj^ 4JLL1 t_t_iji 4-J^/ <Ltj j mj 4lSJ (jSLa-i EXPERT ;y_aL>j_>j 

.4jU1jj3 ' (jtx^JI jj-a lt*- 3 * -1 ^ Jtsej-uJLl '""J* ' galo-VI (j-* ^ ' ^ ' I -SJ-*Ji 
^_iJI d j i iiL-u^l 3j_ujJI tLoJa ' »l ^LlII JjJl>JI ^j a 3e Uj 

^ i -utt i " 1 1 "A i i U", H 
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^UKxoUl .ISiJI 



(9)SHORTLIFFE 

(ll)POPLe 

(18)Shomliffe 

(13)weiss 

(lO)Pauker 

(15)Kunz 

(19)Fieschi 

(16)Trgoboff 

(20)Gory 

(21)Patil 

(22)Martin 

(23)Engelmore 

(24)Gascuel 



MYCIN LjL^JIj 

INTERNIST/CADUCEUSa.LiLLJI ^Ij-aVl 
ONCOCIN jLUj_^JI 

CASNET Laj^LjJ! 

PIP Sj^KJI CiLI^ U.^ VI 

VM (12)Fagan 3j£j_t.l 4jI_L«J! ^-^j-* SjjLIo 

PUFF 4jjJl^iJI ^Ij-aVl 

SPHINX 4j^w j»VT 

Iris J^j-M 

DIGITALIS c_Ji!l 

ABEL PHCOHTROL 

MOLGEN 4-^1^1 ijjU^J! .UjU^ 

CRYSALIS LTHLh^ Jr^ 

SAM ^LjJJ! j»jJ! .U;,u 



JajjJI (^ (JjjjijJI aI Jjul (j_o fO-^-J-II (jlr liiljj Cil jii mi" i n U (^ SjjLa CjI j 
(j-a !j— lILS jl (0-C.jJ 1 1 # 1 J S * jl 3j_j-j_>JI jo-liiil (j^-XJ (jj-^' j-Al^Iajl ij\} 
(jSLx-i 4JLa i«3JVI j A flj » 4-dx. jj 5 I Laj La *\ jJ*-~ i J (^^ Q^jiLj_j V sLJaa! 
^^Jl 4jLj_laJI TJ-UJJ 3JVI 4j«jIJ (J jJI j-iSLfllll Jaj. 7-LiyLi di! j j^ic i_JL*iII 

. *uLi_ul (_JI (Jj-a^IUl (_3 ^-aLJj-jdl Lj-a JLa-**i i u ] 
5) j a. I (--Jl 3j— i_j_>JI -n la * II 0JL& (JJLi a-A «Lcj-*_uj j2f I <l I i*" c_ cj*_i Loj 
id-i^LiJI 43.il_j£. (^ ' . ' J . Lj-a JLa-"i i iU (jl <j^>-«-i (jr*-" iSj-JLi^lJI u i »L>J1 

j-j_l1 ^—oLjj-j-i /J ' a **' ) /^-J ^ 'J „ " ■ la j la 3> (_ll ' (_j_Jaj| r-Lljtj A tiUjuj 
(jl ffi(j i nii tl sLua^U LSL4-4 jj^Lj jl Liiajl '--^aj Lo . J-J-*J jw£>- (jr^- J- -*^ 
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^\^&^\-*M 17 






rtJaJJI ^yJI J-uaJJI iJUfc <_^> 



■L-UJ-J 



1 ^Jjl >Jl L_L3j L^-aJL-L^a-j l_4_^ - 2 c I * i *a 1 1 j a j U 1 1 
. L^-La | j-^* ■ ' t j'j ua^J LLu3j l^ J ' d J^J .U.**rtl 

META- £ DENDRAL Jl j^iL«j J> J*"-j' 

DENDRAL 
^ ^jjU! ^1 (I) DENDRAL JIjJlIo l_sj^ 
aIjljt'i.iLi organic Molecule-(_gjjii«J! «i_gj_>JI 4_Uj 
j-u_oj2j /_ laAJQ d i.^Ulli d < » , , U n ^LumSJI CjuLu 
Cjlj!i ^j^ * i J 4_LjHjt_a CjLi_pjJ] CjuLj_J| £JLA Ji^_u 

a1jlJ-"i iiiLj oliLSLa^l • J1> J '^~- : JijJjIII -I 

l^jjJaj j-ujljj i^lr JUilUj (_g JJ! Congen ^_oLJj_i 

J. ^j_j_ij_jJ_lJ .£ <LjJ_^L^! (;? -2_i-3 > " fjjI^iJ 

. Lederberg 
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. \Jl>. \j-±& U5^ ^ iS^J erl^' 2lL>.jJL1 ojj^j (^ jjl ti^e_J1 rQ^>. 
Cj 2t Ljlo- 2t 1 _}JLc ^j 2a j^ 3ej 1 (J^j^-i -^5^ i 1 ^ *" j ^Lu : i ^J*'^**'''j jLlo- V 1 -3 
1 5 i La L_jJjL_lj Lt-LJjJJ Cj 2f LoIl^-VI $JJt c_<_uj3 «_a i L^J-S vla-xJ I aXdc-lj /-oJ! 

. ^jLt-aJeTn-u 21 1 jt 4 JJ J 2 * U «L>.jJJ 
J JJ Ls J ^**' ' ' (j-^LUtJ n_aLJj-j£ (JIjJllO Ll_i-a aJuJell-uiJ (jl (lA-^-iJ 

tjjise-i J^L*-* 3j t * "^ 4J^' f-* (J_aLjLljj iclLaLiio 4_La_jli Cj La j-lt-a tj±£- d ' ^ 

N-C-C-C — >N-C*C-C :3jlcIS 

. ^ jk" ' "J ' I o$u^ I 
(4) MACSYMA U m i<U 

J-aLSLlJIj J . '-^ I A " 1 1 ( Jj| i ,| a ^J^. ^a 5_uil i , mil 5T_aLJj_JI Ij-A i_3JL^jj 

vector and matrix algebra ■ "«l g -**1 Ij .-.I'ajA.^ll j j-vj 4_jj_j_>J! CjVjLkIIj 
i^yal iLa loVI «L£jJ! TtjjLj ^ (jj j'stl Jj4*JI j^-I jy-aLJj-JI I jjt JiUfj 

.^lxUj-ajI (J <i ni IJ i4_u_u (j-^ I ii q~w (_J1^>. 4_l3 (JJJLlLI C^aJI f-Luj 
oJUtj i Lg I ±J j Lai '" j| JUJUsoj 3 ji>iLjjJl CjVjL«Ji.I iLa-j-i ■■ -~t JlcljJS - 
. jlji ! jl I g J II ' ''J'^J L)' p >~~."^l* (jSLxJ Lo ^1 JLJr" i hVI 4-Lg-L^ JLcljill 

:dUj JlfU 

2 2 
Sin (x + 1/2 Jt) ► cos X , Sin + cos x >-\ 

log (ab) ► loga + logb 

(J^* mi U (j-Lc ■ La d a (j.i j 1 i3_jj_ij>JI JK miVI (^Ic i^jjdi! CjI«Ij^.I - 
3X2 +4x- (jl tiijjj (jl (jSUj ^,42 lCr !VjJI (JjlinU ^yk: I (\)l Jj (_yaj^jjJI 

(x-l) (x + I) LdlaSj ax 2 + Bx + c ^LJI J< uJI Il=ejj (jl (jSUj 1 

j_aVI d La i ulj i lajjr" mil JJL>. I jLfl i4_ujj_>>jj sLj^.LUloj/1 CjI«Ijj>-J - 
cos (n + 1/2) Jt =0 (jl rl"'" '"Li I qjin^La ^jJjj ?r xse i^i jJlc N (jl Declare, 
al_j_2JI (j_a Genesereth Cjj j '" j ' j > 4Jij-a-"i ml (_£JJt AJjIjJeJJ ,j£_4-ij 
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,j_o (_ya5\ i^aaJI JL22Jlj Deductions TKonoric-type 2 j a j ' i -■»* ob>.l"ii"iiiiL; 

. CjLcjjijJ,! «JaL2j ^yfl j la * 1 1 j 'J-^-"2 D^tP 
Lljl d S. j i"i (jjjJa £jC d Iji i"i" (jSLxJJ MIT ^^ ;y_aLjj_jJ! t_4jSjj *u JL3J 
. 1 _j-\JLqL«J1 ,j-a j_u^ cLaJLir" i ulj tu i i njt 4ill /j_aljj-jl I JLA i_<j£ JlSj ARPA 
a1 JL^-"i < nu £A-\i i L$>^-?'"^ (LalSlJl CjLlLjjlj a j 5j j ^jj>.t ^lxIjj t**<S JL9j 

hearm <Gj-a^L<j/! (_£JJI REDUCE jlxIj-JI a j_& (Jjjj t j i i a I 3_3jjt_a SjLclJa 
3_l*1jj J J '^i~ j t. LEX g-aljj-ij SNARK (^lc- ' J-«jj«-o j-lJ^1) j^T*-aLJj-ij 

(9) PROSPECTOR j&&***§jd 

1 j 3> I j -»" 1 ul aJs^IUj ^j^Ljtll /^-A La ij-i>> d 5 La * I Lo^aJ^a_o* I a • a j LJ j-^oj 
4_La_uj-a j-i£. ^ LSj ' ■■ rt 4_jJ 2f jCj_ul CjLlLi£. ^-auj-Jl a Jljt-" i u ij Sd ^U't 1 j_a> ^j-a 

2 -1 1 ■■ S a 3_jJVj CjLSLljS/ a\ JlJt" 1 riLi ( Li^aJajjJ I l_La>) ,_yi\J>J\ f-j i^ijllj 

(^^ jl 4_aJ se "1 1 11 U CiLJl j i II ^^^ *lj_<-u ^ 5 j !l aJLc jl j La] (j^La-ij 

Sjljj ^^ cjLjLlJI (JL>.jl (jSLxjj i5y_aLJj^JI L^jJJ Jj^sjjj (jyilt cjLa.l"ii" 1 »VI 

JJL-soj 1 4-jj-j-^Ia 4jl1j 4Ja_i 1 ■■_' Cj!jLi£. JSLi ^^^ i. ■ 1 »L>JI «_o jjLajJI 3jJ-i 
J j I -r~ tl w_al_ij_l 4_aJLir" i.ij |_£ JJ! (^JVjJI _a^ejJI 2U,„lj, oljLjJI oj-tb 
jjolal! I j-A JjLtDI J-oLJj-J j»JicJ-<-ul JLSj (jjLvoJ! Jj^oJI jiajl) LIFER 

4 1 11 1 -v Q^SLj La SjLcj iCjLJLljJI JlcljJSj ^j«j JaJl 4jlil ^L^Lu jy_alj_l SjLC 

iS^Lxbl CjLa^LLA L*«Lul ^oLJjjJI L-tlLaj jlsj interactive Si^Lola jjLtlll 
^jt jn**iN 1 1 "^)-i /^-auj-j » _ ^"' ' ■■ * t Ajg JLSIa I 3j-u_>JI -n La IJl ^_alj-i ^jL*Iu 4-il 1 iij 
J-t-a^j (jr"' ?e-1LujI j-jj-jj «LiS_4-J L4S td 1 ,iI-kJ1 i^£ 4L>.j-a ^1 ^-5 d 1 p** -r jJZ±i 

Ajij jy_aljj_l Ljlo t jj'i'C j 1 "jJ-J (J^>- liJ^*" 4j^U Cjljjl Sj^. Cjj^Jo Ji^j 
j>_lj (3_jjVjJI 3< J-.SJI) oLayljLAil (jii'' JJI J^-uJI (>J 4j>.jj^a 3_aj>.jaj 

Knowledge Acquisition JlcI uuj t3-L»jjJaJI SJiJJI ^ (_u^JI ^^jLiJI J< uJI 
S Jj jl>- riLxJ (Jii- (jr^. Ajirli.iU CjLaymi t-il i n"^l 5y_aLij_i system (KAS) 
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jl I ii>" I II VI *l^>-J-i (jl (j-O JiiQjLl KASAjijJ '(J^ <j-° <>.ij»._jil lLUJ (JjJULJ j I 

SJsMjJ! (jLa t B (jj» 3-u^j^ S-cj-a^-a A e^LfTj iPI(A) ^ A La ojljsJ 
joaijt J£ (^Ij3 j I t_^j A (jV < I JjI 2lsjL^> oj^ o' o^° PI(A)> PI (B) 

. I j . ..A\ B ^Ir 2 i>ijj-aJ,l dJJj ,j-a ji^I AW^J d^ '^ (jl<" 
Jlj>. I (JILa_lJ tjn**(N i i n^^-U Hm i ii aI dS i mi jj-a ^j— ?• ' " ' 7/j ^ '"' tl^-^J 

La-Lu Degree of Sufficiency (DS) 4jLoSL!I 3j>-jj f-j£ JSLi q\ ta pj 1 1 (j-uiJSjJI 
<bl aSUI <L>.j j (j-cjijj Degree of Necessity (DN) ejjj i^aJI 3^>-j J j-^-^l Ji-s-i 
(jls^AII j»Ll2J <-sK 3t; — .M II j? cjjljJ! ! jut jl E 2fc^\l ^ j| cjjl>J 3_JL«JI 

4_a_LaJlj E — >H (jl_l AJ^cJJ I mU'i« 4jjLuta d j^Tia^MJl <bl flSjl «L>.jJJ U. 
5jj^_j_Us 7t_a 2 la ^ \l II ji iijoj! (j| (^rliu DN«1 *j jj i a II 3j>.jjJ ijTj *'^^l 

H- jL j»>fcU LHaXa LjL^a llLIj QaSLj DN = jl£ ! iLa U <_p=><iJI j»L2J 
«neck 3 j\)» ->j^>-j j 3 ^.' I -17 J'v ui (_,-3 (Jj-J jl <j-SLa-i La£ I JSL&j — >E 

Jj^UoVI (_yk: (j^iJ (jSLIj 4jjLJI jj-^'^tl -^-^ (300 <LjLi£ 4j*.j j) mJj£ JjJ j£ 
4_ul£j_jJ| CjLjJ9jJJ» 4jI aSUI 4j>-jJ J2j La_Lu i(l = 3) Jj ■ a 1 1 «L>-jj) Ljjjjj_Us 

a±^(jl 3-Ll^jSLIj .(20,75 SuLiSLI! 2l>.jj) ((^Kj-J! Ji»!ju]l» jl «Dikes 
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granitic 
intrusions 



5700 



800 1 



(0.5) 



00001 



level favorable 
for erosion 



favorable 
regional environment 



200 0.0002 



5 0.7 



pre- intrusive 
through-going faults 



near- contemporaneous 
volcanic rock 



65 0.01 



igneous 
rock texture 



grain size fine 
to medium 




abyssal or 
bathyal environment 



20 1 



300 1 




300 0.0001 



characteristics of 
igneous rock 




■ ((9) ^}* ■ j-Uail) j^L^jji g*\JjS rteua'itl ^£_i j^ ft jjf 1-17 JSwi 
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LITHO £mJ 2*L jd 

^'I^^H Jjir-ijaJI i4sliiSJ! JlLa 4JiLaJil I J J ~- ■ a 1 d J*j; O"*',?-*^ . .'"j"' 

CjL-Llc pj_i u I c (JV J" i nVl '"«! i ■■! j*t1 OJ-& 1 0^-*£S i^Lulil Ja I uiLllj 
OLiJLse-La 4 La i uljj Lgijilajj Driller i_<_3LiL)l ^ u , u | aj sL>.jj>-~ii ,it,| j j ^- . *-» 1 1 

i Schlum berger-jja.j-j.aj I i^i (^ jjla (_g JJ1 J^f! J?- '-^ 6-° ' ^l^J 

[J& «Lt^L>. ^j iti i ) 1 ^-ja. jj j_l>J 1 fcJLujI J* a « La£ Ol i uLuUl £JLA j j i ■■ dJ jjfc 
i'Uisljj_>JI I j"l ^ .Uj L^jLJloa dJLLall I 4-t^ljJLa$CjLajUU oJLfli JlLa a\ Jlxjjj/! 
J a i uVI g-LSJJ J '^^" ' a uaj ( -J i^ J ' -** "*• ' J ' I JJ a JjLH^' OJ^J L$J.}Ltaj 
, a A I * ^. 1 1 Cj^M_al_«_tl (j_a 4-jLa (j-C JLjj-J La LflsJlSjj (_ 3 J-J! J-fliljjiJ! J^JJJ 
^jjJGjL) 3jl£q\U J^. (j-ajj-OJi cLloj^j (j^-4- 1 ' J&Jb^ t JLflMj mil (Jjjj La JL^-"1 1 u a 

d t j ■ ^ rt 4_ajL>. «L?e_uj (_!! Jj-aj /^>* 
L$_lt jJlj_i /^Ji '3 ' ' ^ (J-^^Loa Jajj ^J-^ 3 l>^-" P^^HvjjI aJLj-I i n 1J 
i4_uL^J j_lC j i"*" ^-jLllII jj^ l>ri-^ L)i i — *rP* (J~ > '-9"^3T!- : ? , " ' '-' , ' r '*' (j-^ ^^JJLH^ 3 
^j^* I (j-3j '^-^_9^ ' c^JL)"^ T^rP-J^ Lr^ ' (l)" ^Laj La U ^yi j-J^o (yJl *^>-j_]j 
I J_fl> ( _ ;r 3 <_SjJl_U j^lC (jjs (jjijjj La ^ 1 ■» i~ i .il (j^-aj (_^o- I j*.%»al "1 (jLo-VI 
SjJLa (^^ till j (j^. CjJLa-"ii <ij i ^ i a 3 1 '" a CjLiLu 4->JL»J. j La i taj ^1 JLaJ,! 

.iajLa 
Wireline Ml ... II oa -^ J"^ jj'"^" 1 5JjLtaj Davies j^ij^ fL9 jlsj 
J^ jl_il£.VI (^ 5yjiLij_JI Ji-Ljj i3JL>. JSL1 ,l*»'e, jl>.!j JLlaj (jSLlj (_>a logs 

«L3ljSj1j /"»j i *\\ CjL>.j^ tilu <yl\ 1j_uHta <£ <-r Jl )t_u3j^ «UL>Ju i La Uj rt j & La 
CjLajLti! (jjs sLflJjjJ,! pljj ^! OJLfli IL4AJ LaJJ£,j iTtJI . . LaL>- pLui/lj iajLillj 
i Lx^a-ll 3j_l!lS Ol Lga^l *" L^j ^jlj jj£La L^_La j_u£jl ^jt ■- * eajj La LJLc. t ula 

.S^JuLLaj 5j_lo I La^J I j al ' aa rt ^jtj 



LITHO 0«Uljrf oJ JUdMilll J»t> 

^'^EMYCIN £-aLij_i ^^JLc ^L^LcVL Lu,L^I LITHO Jua^L^t jlSJ 
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La 3-Aj 1 1 J j I] ^J-t-a^aHj /^-II *uQll] J^J 4j>.j_} ^-au^-JI _^«'j t4_j_i_pjIUl 

i^j^a-jj^ljj j I j tlj i(jjl_«_«iJ 2 i ajj c taxonomic 2 j a j * i a * 3-3jjla SjlcLs 
(j_o jt_oLij_jJ! (j^_4J ( _ 3 -jJ!j lIiLJLi La II (S-Lcj i^^^Ij^j^jj-lJIj i Lj^!jJL>J!j 
(ji I i i*r-ij-ILal I jLfl . s\_L>. J-U CjLiLlJI (j-a d J " J I ** J^&l Cj La j I < a ^1 JLa-" i .il 

.. j 'Sj^iL 3_t>.^l^jjj| 4ia.jJ,l ouL^ ! jl» (jJLU! JSL.SJL; Ijijj SjlcLs tiJLLa 

(j-a «j^>- ( _ ;r A 2jj j uil xLaJl 3_pji!! (jl dJjJLj» ;y_aLjj_jJ! (j2 SjLcLaJ! lLj uuj i ■■'" 
. «LjJ^p_jl 4_l31jJL>JI Sj^ejUj jj-a I?}" 3 * 2 - I 7 ^JN i"i Tc-UsojJ i4ja_lLl]l «lL>.j-ll 



classe 



orders 



families 




LITHO ^Uj j Jj^Ji ^ 1 _i^- ^ ,j». 2 - 17 jCs 
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^likxoUl .ISiJI 



<j-u ci Laj U U (jj^jj 3 - 17 (JSLi tcusjjj i^LiLa jjjJ! I jj'*» (j-aSLj (_ylll ** 5 La * II 

Olj ''•■'* 3_lLu>JI aJJb i _ ;r JS a JLa-" i njj '4-J! j-i i ,-> I, I i_3_L^JI J SLLajJU oULuJI 
J i c ^j u j ! ^J 2f J" ( n2 1 4_jJL^C Jj-4-1 (_£ Jul /qj-ujJIj t4-Laj ■■j**' a j-uL*»o jj_« 
- La i uali I (—5 oLj"i i u a *L*-*jl ^Jjljj 2f d 2 p** l£3**' '"i a iljL>. 



LS 




sJV-^n/i U^Ji J^i r 3-17 j£i 



It 4*Ulf 4hJI mm9 

Determination of the broad Lithological Structure 

(j lr quartzite j Silexite charts (Jii_a 3-g_il uiLa Jj£ JK uil LgJ jj'- .^tl ^ 
CjLiLljJI aI Jlj^-**( < nl _ 1 c (^_lja1 (3^— i J-j_j_4-1U 1 JUiUju *Jlt_iJt_i ijjLLLl ^Jj i ( <i 
lJSjjuju Ai ' SqJI j^Jajtj jij^>-! (^A-*^ 0"* ^' i ^ l£>- > "^' ' c ^P , ■9-^5T!- : ? , " ' 
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j_«_> L«-l3 I j'j; j-uaIII (jSLxj ^^II! Su Per-Groups-LLLtJ! cjLcaju>J.I» ^^ 

heavy, dolomitic rocks, J£ ^j La '" jl <jSL«-l3 :,_£jj>.| cjIjLi^.1 i<jjLjiI ^^L^. 

04^0 Saline rocks Rocks (Phosphates, siderites, Fenginous, limestones, etc) etc 

. (3 -17 J*C A jiaJl) Histogram Sj-rjmill j«u-uLj aLc Jjj J-Ll^ 

■ ijr i' Mli-a Litho ;y-aL>j_> ^yb 54 ja^j SjLcLa^ 

,'/5 (_jJijijj Histogram ^s> ",j"."^M" 3 j m'i c^Jl^ lil 

jjj-LsLJoj (0 , 7) d 1 se <<•> i~-& <■ ■ j ( '^p-J' d S La * 1 4_a_iju2jl d u i tl (J^Sj ^j jl 

. (-0 , 95) -^yJiA j^tjj (0 , 2) Sj^tj .(0,2) Sjjit^ '(0,3) 



j^jj>.t j SI ' aa rt £jja J a" i ii LI ClLa^UU p 1^_ll *_U3J>. (_!! j-i_l*jj1 1 JLA j-uHiJ 
Jfla Sj^alLa Lu!^ Q5^ * i^L«al*XI 0J-& (J5-a -ilj-a (jiaJLJJ . Logs JjSL!! J-^C- 
i— al uiS "i i hVI diVA t~ *Lul (jl-^l (jr^ * 3J^ J-*-*i Cr^' jj-» '^tl Ljl La •"■ I a i a j 

dJLLaj hjLvjJ.1 -S^>-j (_ji^. Jjj (_pJ^ Paleontology 4_5L>.Vt «JL. _>!j_a jl 

: L$ja.l"i i"ii ill (jSLx-l jl 3ij(j-«-a Qa£j La SjLc (jyjJI ClLajUU (j-o (_Jj^i-l plj-il 
4_a_La_Lq ^-JS jj ge^LeaJI p'3-it (^^ ^-"h!^ ' "jl* fl (_!! (J_i-aaaJl (^A- 4 - 1 ' ^ & 9 

q^jj£LI! u iULm^ JiLa ij^jJI ?-^>^ 4-i^lj»->itl 3ijjii! J^^Li- (j-a cjLal uiS\Xi hVI 

jjJ 4-j-3ljJL>J! Ci Laj Unit QaSLj (jl_o~ 2! Alajtx (_j-3j , ,U , ,,jVI Jjj.iJ! ^3 

. L^Luutl L#J /j-jLij ^1 Jj^sjjJI 

jj-a (j^* ^aJa_j->J 1 j ' ajJI ^—1! (J_i-aaaJl (j-° 3_}Lc LITHO ^_aLij-j j^A-aJ-iJ 
<_3jjt-j3 iiiil jj L^>- jJajj>J I joJLc 43jjla ^JLC 3JL»- ^^3 c^ 5 * ^^^' CjLajUa 
SjLcLaJj jJLiLa 4_it <( JljO^ ^^^.^aJa-o^ roJLc ^t ijL-^o 4_iLjio)> ^ij-a LITHO x_abjj 
. jl Silurian Lai j^j 3JU-jJ,l (jl ^1 jj £u graptolithis 3^La Ja^>-j (j|^ '^1 

Ordivician 
7r i^>^a_a a_A Lai CjLa_j_u-£a3 4_uL<u /^j-3 4_o*jl_>JI CjLaoJuLU ^-t^aj dA-4-iJ 
^--3 CjuLujI I J**''^ 1 ul aJ ^Ji-JU 4_LOj_Lt-£aj «\_*_Lj T jj-a JS ^j_a ^j^oSlij /^j-Aj ii>LJ^t 
4-0^1**i f**i t nl Jlcl^JSj iljL>. 4_aLc JlcIa^ ^—1! Jj-aaliij aJLj-I i h" ^jt j^A- 4 - 1 (^ ' 

(jjaSLlI! (jL^ ! jl 4JI liilj JLlaj .^aLJj_J! (jJI oLJLuJ! Ji-jG Lajiic . U ,':, ~ 
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JLaloJ tiJLla oj^ (3-u-u u5r4-° 570 <j-a ji£l ^1 *^>-jj I J^ (o-ijls) cambrian 

(jut ' Jj^^ 4 ( _pa1^>.t i4_o*^J^_o* JjIaLLa) 4_l31jJL>. 4J3j-*»o 

(4 1 fc> »T 1 4 j 1 >i j I i~il ^^ ,"," , LjLcj) iLuLu 4-la "■ 'I 

' JJ ' *~* c t4 j'vajrt j^ ^jj>.1j^a .((j^pajVI cHil 5 Ja jj^.» 4-uLILiIa Cjl_a^l*_a 

(jjjIjSLII iq nK'ill) (jjjjijJ! (j£, cjLo^Ll^ 

(jjLajJl t/JALaJI i^j-L>JI jl5e_>J1) I $"y • ^*"j JJ"*~ ' ' ^ ' a 9 jf i">Lji»^ 

(^julo ir-j-ftj iCjl a_t£ i3jJL»_La jaaia) 4_j_i_u_ujJ] CjLa^Lt-o 

(> j uuJl i4jJjlLU id-Lal i ii U) 4jJj|jILi 4 < j i U 

: 4_uL2-lLi]!j 4-ji!jJL>J! CiLajUU JajjJ SjLcLJS (j£, (Jli-o (^yij L«-l3j 

i^j^uiLUJ! ji^ttl ^ 4-uLlJaJI 3-U-ji! c^lfT -I Ijl 

".jj-o 3jL>.1j 4_o* oj^_ij>J 1 ClLaq 1* U dulSj -2 J 

( _ ;r uil,! zagros (j-ujj^j-lj (»!.>>• J * ^h'j^! ^-ua 
:d \\ »<•> 21 4_t_j_J1 tJ3^u (jl (J-4j->JJ jj-o -I ^j!i! 
(=0.6) lib (-0.6) 3j_i^j fluvial 
LAGoon (-0.3) Arid (-0.6) GLACIAL (0.8- ) 
PELAglc (0.4).... 

■ d ^ U * 1 1 ^J$ cLj_u_ujjl A^jILujI pi^-li UL5^ L)' (J '- <1 -*- > • ' "^ 

deitric (-0.3) biological (0. 3)evaporitic (0.3) 
Plutonic (0.5) 
( -0,2) LlfT 4Jaj;.>>a <.-m,ijI 2^U;tl (jf Jm>. JLOa-l i^JLLa -3 
(0 , 2) 3-Ikit.Li Jjjjj -^^ Jj"^ JU"-».| aJLlA -4 

Ja.Laalj j^jj/Lj/VI ajj!LlLI! pj-u (^yJj^/l U mi '(J-lil iJ^Lcl SjLcLU! JaJjjJ 

201 SjlcLs 
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lLLj^ILu pjj (j-o <Lul aglaJl 4ojjJ! (. n i iijjj ^li I jl 
HALITE (0.2) DOLOMITE LIMESTONE 



CP&UI bill J-SJ 4«Ut yaiUilt ,«l4i~if 

j—ls-so (<u jlsj 1 Normalized signatures 3 j .uLa/i Jl 'v ui! »j-ua (^ Siih-^J,! 
I fcuc l_SjjL1j ^jt aJl^t-"! i 11 oU ^S\_^_i tilt_pe_i u-uS ^—3 Outxlsjj d j la -i * ^iN Mit 
CjLJLljJ! SL&Liiiaj 2 *'j I S QJ LITHO ;y_aLJj_> aj_2jj ijy_aLjj_JI Jji 1"") «l_cj| 

4_Jl£Lil J3- (jJL. jlc! ...j ! jjtj h5jj>.V! olJLaJI Sils" «_a 3_al_gJI 4j}_ajJ! 

jLmfl 5" I 7 ^JN Ml TC-UsflJ Lq_Lu 4(^_lli_4-l (jjj ' " fl 4" I 7 f]S Ml ?C_U3^JJ tl_SjjLUl 

;,__A 4_u_u_ujJl '"«■ d < all q ' d ^ a 1 aaJI Cji <i 1 ntl ^j^* 'J cJu 

IjHa 25mJJla t;r l£. iLilij 3 + mlj cibLa-1i.il j j laj ^^1 jjloLU! '.Plateaux 
IjJLo 253_al in a (j-Lc jl '^ SJ jl SjLjj j j laj ^ylll JjJaLiU :Megaramps 

jaVi ^ 

.jUa 25 2, (j-u 7-jljIu 4isl ...a ^^c 4Iblj 4jLa-"u.il :Major Beds 
.jILa 25 , 5 ,jij 7-jIjjj 4al ...a ( _ ;r l£. jjL^iiJ jl S^Ljj :Mesoramps 

d u , ui «j 1 a-uiSJu «Clay Peak ^jjJa «La^» (j£. Lul J Q^l^-jJ^j^JI CjJLxjjj 
/J ' aaje j /jySJj i^—ILtJI ^-£,1* mi 2I Jal miih (j-UaJI j^jlui> (j-° cj^ ' Lab*. ^ * ui\ 
w * - J (j-L^e-i.11 j^C aJLJt" 1 11 U JLj-uJ =LJLa CjLajUU OJUt ( -J i^ /y-°lJ>^l 

aJLJ-" 1 11 U (_£lj <_J LaJj (JjjjlII «_a (^jjuulaJl Jl^>JI 3j-^ *— ' LsM^i- 1 mJI i)«-Sjjil 
. 4_t_L«_a Cj I j 1 i n a ^_3 tfLdlHs&jq Cj Lflj-a A5 3h -3 U^-** 
CjLJLuJI aJJt ^lj Cy*3 -Sjsjl-^lj ialiiSMI j pit i'iVI 4j>-jJ ol a^a JlLa 
Plausibility ^1 1 n-r'u ..VI CjL>.jJ ^_il i h^sj ^j-Sj jy-aLij-JI L^ji^. J ■ -» sej (_ylll 

JSLI Lajjj 2 '"j\>!l f>A!^" cijLc.jjijJ.j i^jjiIjjJI c^^o S^u JSL! Measures 
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4_t-aL>j1 *Cljj)j %-l&$ /Js j^>« 4_i 2 i4_u_4JtJl 0JLA t_JigaJ (j| ^ ^ P. -^ 1 1 /">! ^ , ^.11 
i43L>.l" i"i i ill SjJs (J-j_L2jJ 5t_oLJj_JI Lg-a Jlir" i nj ^1 i n>*n »1 CjLj-jJ JLJJLaHj 
CiLJl j i II «_o 4_j.a-i.aj-i I d Laj U U aJLJt" i n" (__— II 4_uj__l! J—uo (__1j L*^J 

:4-l*_jJI 
..8 3Jl_._3 
LaLv 4___l ( __j___a __3 4g.—__) i_JI_L_- C_J_C l_l 
3 < miV 4-l)jjJI <_il J_».^JI) 40API (j-a ^-i-l ^-cL-iVI J_L__JI ^j" i ii a J 

. (4_jSLjj-o ^1 (Jj^___l d 1 n 1 hJ-q L^I— 'J_r"i 1 nl /— — II _ oL>. 
tjfuo (_£jj__a L^j (_gl «4_u__j» 4-aLaJtXI _)l (0 , 8) (_£j— > (JLi_>.l _JL__> _)_! 

. ljL>. _}_u__> 




jL_— u jljL^i _a_i— — cj 4-17 J£-_ 
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^ _ ' J Li-u-^JlJ 4_Ld_i^3jJ I di La-i-uJ 15-17 (JSLtli 
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^UKxoUl .ISiJI 



QtbjJl mIaJI U*aU 

jLilcVt i _yjs \'jJ>.\ ^.oljj^il S-uL^il! 4li^>JU jl ji^.Li ^1 < n->. ^aljj_i j»j-2j 

J£L1 jjl ,m Vr.nVI i^L>-J-> J-a iVUla.1 >£^! jainMI p l_aJL 3_«jL3 -I 

Ll>.^J^_l>. I d ■ a j ^_auj»jj1 (j_a I g^ic /J-LgaJeJ (-J-!' 4_uL$_Ln 4^t_u_ul (J a i"mj 
4j-Jj_3 w_jLli)l aJJb (jl t_!jL*jJ! i."m i"l JL3J i(<u-u I 5 jl_«_li (jr^. J 5 j It ^M_aL£ 
. (J^> i ii i J 1 ^-J^ aj a_j_>J 1 /qjLjlII L$_jJI J-t-^aHj /jy^Ji ^uQill (j-a >^>* 

iMbUJI mLjUmU g«Li jmJI «aJI» 

4_jJLj_a l_3j|j_Li CjIjI mil J jlx i ii" Lglla ( _ ;r 3 «£l} (^ylll <_Sj|j_kiJI (jj£j V 
,-1 U-^VI | uiJu (j| (jSLxj La£ t»l LaJ.VI (j-a jyjLlil! ^iiej I <il^ 4JI 4j*_u-J!j i ! Jj| 
L$_iL\_a (j- 5jL>.1j jJL^e_u (jl (j£La_i lil i j se ' aa 1 1 I |Ua-u) f-s^** ^ ^ (-r^ ' *~* 
JlLa LITHO *JL*JJ i^lir-i^ll I j^ i»t jjlJLa Jj i C ( _ ;r 3 (Jja- i n"t lilljuj (j I ir-iVl 

lil tiiljjj //.lOO Lri-ri^ L$JI J-^>u 5^" l£? o' 1^1 C^-^ ^ -l 
CiLaj I < U J ii '^ a O^ ' ^-° '*"^_uL) I gjic J-ajju 4 _ =r ILl1 CjLiLj-lJI I Laa. O-u 
(_£jj>. 2! Cj Laj U 1, 1 j >l La a (jLa i La 4j*_uj I g-Ac JLojjlJ (j^JI CjLiLlJ! (_Jjj>.VI 

4-Se LaJl ^1 Mj^' ?T-^^ 0-" (J-^J-^' Cr^ J-cLcuj 
(jj^JJ-U <Lse_ije-Laj| 4j*_uJJ! (jjSiji iCjIjIjJa Vl (j-a 'j-J^ aJ-scHj h_i -2 

. L_£L*_usl /J-jLIj j '"'■'" (—J! 5 (j_a f-a^>> (J-*-aL>. L^-La 

JHdM«lll yUtt ^I^-SI JIm UUc 

CjLvjJlj d_La_i-j j II 4_L>.LlJV! JLcljill 4^,1 jir-i (jl 4 ui it J-a cLajis. L^jl 

. ,Ulls ^j ), i^ 1 ■". rt <j-uilijs_a (j^JL?E_a (_3 3jLl>JI shir Loll j-^' L^J (jl i h">-**k u2I 

(>JL>J.! ^ 5-ajir"i,iU 4jJVjCLu/V! oLlLsjl!! (jl i5l2j2^JI ^j i LLtj-^OjLisJIj 

(_^ 1-^jJI (_Lu3jj1! jjjLll!! (jjSij (jOJL>J! ^>l£ ( _ ;r 3 (jl ( _ ;r uLAJ L0L4-1 4^jl uHa 

dJLLitj i^-LaLual 4jj jV a CjLlUx.j ,"iI ,^n-y/<\ i I JLptj l-J LajJj d ^J* '*'" 5jUJI 
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2_jj^ojJI iljLaj lull idj" u,U Jj_k^/VI 3JL». ^^ i Jutjl M3U3 Liul 
I .>> iT 4-jl mi" J Lo^ ^ Si I mJI Jsii-JI A^uS »_o i . ilSj) r<u-uj 4-il uijj 4_O.X*JI a 
(j-Ojl_>JI ^i-J (jj-^J ' J ** .' " (_ r >'»]j)J - ^tl TtJjLl)! *_a (_^ajj_«iJ ( _ y -i-laJI ?c-JjljJI 
c-LaJj ' -itaJI 3JL>. (_ya (jiajj-cil '(j^.**- •'■■" 4 _ y Jt Jj^jjJI ^1 j'tl <_3JL^JI (JjSLj 

. Ll>._j]j_l>J! 3JL». ^ jJLJ! 

p j*t jl 4-ujJll j j i a II (&#3 «_a Li.jLi^3 La^tLi.! .~il ^j .U'.tl ojufc I abjejj 

Pattern JLSLiVl ^^.Lc >-a> *~i Tl» Vjf 2_lx^jJI 2l>JL«_U «jj 1-^ ^MSLII 

I j_& 4jJLla di! j Jjlj jaljj iS^allkU (JjJS- 5 j^ii. Lii^a, l_U.^ (recognition 
4_ujJLI jj ' aJl (JIS. miV «LaLc «L3j-»_a ^ilLo AjLa-**i i uj (Su\ ^^j-^J lBJ"^ 3 - 1 ' gu^agl! 

. Igj'q jJaJLtl i_^*J (^111 4_Oj-ii)l jjiej^aJI f-I^Jl JJJl=e2Li Jj^il 4jJJj>JI 

JLtisjJ (jl (j£L^J /^-II d S ' I J *lj-4_>J1 (QJ^JJj (jl I OStLJ I II 21 I jj-u-ULd-a ^j-uS-ftJJ 

i4-ul Laa-VI CjWjJ! ^j^*_' w La «"' Jui^ i(_£jJaj jjjjLu/1 I J^J jjjlJj ijyjllill ( _ ;r 3 

lil» :Jl<-u li! (^jd! j_Liiti! ^u^lj^II SjjjJ! (jl_o-Vl i. ilfl ^ J!U!i LgiSDj 

1 jL«i 10 + j IO-<j-u 7-j!jjj cjIjLulII (jiuLxJ =l2j '^•j-i (j " «" (jl dJLLo <_ala 

. 4 jK i"i j^c 5>Xaj| aJJb (jl i'l i"i Vj S (Jj-23 

d J ^ J ^ * iJ-A I i <'r~>j-£. 4_u^- aJ^o_i_jvJ I Cj L^-j-lL^U I < - «j J L^a3 Jl^J 

2 j \l ,^",al 3 jq ^1 |_gj jj^J 3_Laji>JI SLpJI (^ I j~j i a I (j .i*C»j Lxjj i3_cl_L»^iiI 
U a J "" "* "' * ^-^-'jj - " JL«-C.^! (j-3 (Jj^i-I '"'I ajjlaj dJLut LJL».j 1 2 -i j la c 
j_IaL>J,l <— -1 1 i ii -»J dJj_LcJI (_j-3j i3_j^j->JI Lj^-^J^Lill (_5-3j iCjLilII (jlalj-ol 
^j i3_JUI jJaLjJ.1 c-jl intj dJjJjJI (^Sj iSjjjjJI Lls.^J^lJI ^j tSJUl 
3_o.UJI (j^s L>.L>J /j-alj^II -i la c I j 1 1 jSLaj ..Cj^lJaLJt (JjJoLj/I 3-jLu.aJ (Jjiill 
4_Sj-jIu L^uJL^-**i i nl (*J-Ii /^-«ij-aJi 4^,^_<jj?E_a LlLu) ^-i (_A (j2i I /^>* ^^J^-"! 
i " \ \ A , ^. I j rt (JjjLl^J XCOn ft_aujj j>Jjlj (j-«J Rl/j-auj-l (JILa Cji 1 1 uLgtll (jLLiJtJ.} 

■ oLt._L.LU (^3 SjlcLcu^ XSEL ^oUjjj VAX Jl 3J^>.| 
*L^JJI 4Sj-lm «_a ELF-aquitaine 2 _. . .. \j A tl 2_£j ,-„ \\ c^Sj" uil jl^j 
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Sj_lj_>J! 2 -i la Jzl ju>.| rLj-Jj (^ Teknowledge 3_lSLjj_o^I w «*l Lla . ^.Vl 
CGE ^j-^ 1 1 ">j-3 (_y^ LJL>- Ji«" L«£ 'J^ 1 ^' j fla- CjLJUx. ^yfl 5juil i nqll 

M-x* ui3a ^j ul jloj jjLLiJtj^ 4£j-tlu ^-olj-J 4_^jLiiA ^_alj-j *l_u ^—3 CII «oj-tlu 
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ftgl.uaJ 1 9 pglaJI y^a SjojiJI pbjJI 



1-17 Jy. 



tiljll 


j-^jJ' p-- 1 


£j*jL1 


J* 


Feigenbaum (1) 


DENDRAL 


iLbSJl ■ *!;"* '—•'Li^ J±~~^ 


tui3i 


Buchanan (3) 


META-DENDRAL 


(lS**^") ^-^ 




Wipke (17) 


SECS 


(£ y!oS- t^Jy 




Gelernter (18) 


SYNCHEM 


ij, jJaP i_~S y 




Buncly (19) 


MECHO 


ISvJvS-—" pL*^ p~ 


^r^ 9 


Brown (20) 


SOPHIE 


<J[ ij 4&\ J\jji\ JjU 




Dincbas (21) 


PEACE 


VWj«£Ji />di jM 




Brown (22) 


EL 


£s\jjj£j\ 




Novae (23) 




iSLilSL. 




Langley (24) 


BACON 


jJly iJUuSl 




Bennett (25) 


SACON 


jljil i^jLL" 




Duda (9) 


PROSPECTOR 


jjL^il jjp 


^J* 


Bonnet (13, 14) 


LITHO 


Jjj* 




Davies (15) 


DIPMETER ADVISOR 


Jjr* 




Hollander (26) 


DRILLING ADVISOR 


JjX 




Lenat (28) 


AM 


*_aLI» jL^5"l 


OL^sbj 


Moses (4) 


MACSYMA 


. . J-tSCs o'VjU. 




Hcses (6) 


REDUCE 


. . J*ISS oV^l" 




Lauriere (7) 


SNARK/INTEGRATION 


J^lSUl 




McDermott (29) RI, XSEL, XCON VAX 


pi e."\ y JjJ^ 


c_U-l | JaJ 


Bennett (30) 


DART 


slk*S'l ^^u; 




Barstow (31) 


PECOS 


Hjl d* 


i-ftl S#jJl 


Manna (32) 


DEDALUS 


Hjl d* 




Green (33) 


PS I 


T" 1 ^ *4 




Rich (34) 


PROGRAMMERS APPRENTICE 


~'^ »li 




Blazer (35) 


SAFE 


~'^ *4 





Descotte (36) GARI 



Nii (27) 



HASP/SIAP 
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** 4* * 










jja 2l joi^ -n la III a *lx1j»aJ| (j-° 

JjLjii! (J^L>.j cjL>L>-J 5tjsIj^JI » ' *■ j 1 ' aSj .4jL«J! 
LgiSLJj ilju>- «_<j/IjJI LaLulaj 3jjl2JI ajjt l-^>c I Jj 

4jJT ^c I <i j «v tV.. ■■" (_yll! 4^j-«l! SJlcLJS J i ajj V 
/^j—I! I o j 1 -'^ ' ULxa-Il jj-* J * "*~ * L-4-4 t a£Lsc-Iu I 
jy_o!j_l «l_b J . Val \jjt ^j£ 7-jjJLl IjL^Jj . ;y-aLJjjJ! 

^—oLij-aJU Jlja 4_jI 4_LiLdJl 4_j_U2ij-iI1 jj-* ^-L LtT L U 
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0J^J (ji^SLj (jl c_t^sj LaS . t JLLaJl L#jJl Jj-aallj /^-Ii Jol>Jl JLajj f-f^ (j~^ 

^_jj|j I j » '**'" (-r-*-^ 4-Lit-L LC J 1 4_iJt_u1jIIj_u^ij (_£jJaj jjjjL-uI 4_p Jjl ^_alj-Ajl 
S^jjlI! SjLcLs ^jJs (jia-aLc. J*C t"i t ^ * i i eaj a J-^C-J sLx-Uslj (ja£j o' V^^i 
.3 J).!. *U-iL9 CjLiJt_u1jIIj_o V 1 £JLA (joSJJ (jl LUajl c_t^t_l LaS .^_auj-Al 

4jj*_uIjIL<j/I ^1 1 1 x 1 Ls I jl jj-tjjLSlj OJ^- 1 * ^J iSjujlcj 1 algae a CjVL*-a 
4_aL*J! i^jLjI! ^j^*_' f-^JJ-i (jl ij la * U (j-a JJ-y 4_cSLlj iCjVL»JU JSL1 SjoJj 
jm'vI (_g J-Jl ?y-auj_jJl * jlVi 1 uJj . ;y-a!j_ill OJLA JlLa I_£J (_£jCL$J (jl (j^Laj (-;r jJ' 

( 1 ) I la 1 ) 3j^_t-o f-^J (j-3 4_a_iogu /j-iLi-i AjLar" i u t (jl «G3jjt_aj t JLLaJl CjIjJLS 

. 4jJ>j_oJI -<ui»lll 2jUr 4-^oj j_yfl «LajLJ-~ mU pjiill (^J^-l ■- u^all profile 



I^jVI ( _ ;r 3 fc. ' 1 <ib>Jl 4Ja 1 ulaj (OjLuJ! 5y-alj_jJ S^LUJl! 4JLjJaJI ^j a je UJJ 

JjJLso (jlr /j_aLJj_J! SjJLS aJ-kJ diljj ijL^aii.Li 31*1 1 ii^fl (_,lc 4-4^ lS 1 -^' 
i«UaJt-t-a jJiSl 4_La_LUtJ 3_il_a (_paj»c (_3 ^_auj-ill \ a" i u t Ij-o* Ij . d J*^ JaJl «LiiI1 
,_p3jjija c—c-tl IaJl 3-jL>-I (^ UajJ I ij^-H 3> '5ja-j-r ir~i <-.jLta.ll 3_iL>-| C^JIS I jl 

■ 4j-JTr^tl SjLj-^I 

seymour pa I-Cjj-uL jjnjml LOGO _o^-jJ SJLjAo Lla (jiajjtj V i_3aoj/j 
spontane ous learning-^l Slltl jajiniLI Piaget c^-p-Lu 5t^j *-fa ^pJI 1 ' pert 
Jl AUSH oljJLS 3-La-cij (oI^J r- j'tt I JL* jV ^J-I^J i3ia-pj.! 3'n II *_a JcLillLi 
(j-a jiiSI I J Ic (Jjij^ulj (_yjJI jlSLa^l «_a i_ijL*jj 4 Ij 1 11a [ft^SI Lac U 4jcIjljVI 
fC-*-uj ^^3^ ^-^i/L 3 A' JL^-"i ( nU Jl AU\1 I ^j SL a o ^ .4_t_L«_a 3^l_a jcjIajj «Lal_a2LAl 
(«ui»jjl w_aljj (j .I'Cf /?-#-i-J! I J-A 4 a ' ^' a (jl dJJji ^^j , ..jl I ' a-JUj CjLv^JJI 

l-J Uall ^ j 1 1 nil )«_U3jJLi j-J-ajJ (j^jJI 2_' luialJI 
«-aLJjj ^1 (<ui«jJI ^yfl w ^ I ;u,^.VI clS jj| t_ijJLj/l aI JlicIL-ul 4jI Ja -ia-«JJ 

Sj^cLa a I JlJ-"i ulj i3_ujJj>JI ISLjj_al 3_iiljJL>. ^j^ijjjill scholar jVj *C , „ 

jl_S_3 2l (j-aj « I a 1 1 ■■ gj 1 ae 1 u a ^j ^j < * * JjL5e_a (jS3 <J ur"' ^^'J^-** ^J^*-* 
(jl L-iJUaJI jl jy_aljj^JI (jjs JSL1 (jjjiil qjz 4JI jy_aljj_JI I JLA ^3 SJljJijJI 
l_JLLJI ("Ijitu SOPHIE (jJSj 1^1 ^aljjj ^jij . jljjJI ij£ SjjLJ.1 Ji-L 
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»UaJ.! (JjJ^>o <L-u!j.i (jJ! 3j_o-V! oljJLmll ^ i.-.tjII 4j>o! JLSj . 4J 5-aJi2ll 

c_i}LUJ! sLLai.1 ^^ (jl (5) BUGGY ^L JofltLu.1 j^Jil oaj .^^LkJl 

3 'j La a » Uaa. i (jLo.2! 1. ilr I ^^ O-ili 4-u!jji»£. Vjl CjJj (^yjJI 4_ul 1 n-»Jl 
Sj^jjj t_iL«Jl CjjjJa JlSj . i—i^LLaJ! (J^3 (j-o 4-aJiir" 1 nil 4-2jj_LaJ! j^c C-iJeTu 



^jlc *!jj (j-4^3 (^Ll! cjL-^Vl ^1 J^jiU WUMPUS (6) o^>^uj Jlo 
(7) WHY ^lj L^aUjj j^Jil L^.j^Jia! oL^ulj^oV! cn^>U! JjuklxJ 

Cj Li^c_l3 IjIL-u V I j (j^sLi. ^jjus^s (jjijjjj <j1_i (Jj-iin GUIDON ^jJljLvj 
(_J|JaJ! » U*. ,„j jtj I j|» -.Jj^j 3_aLc SjLcLJS }Ha till "j'a .,j_ujjjClLJ <LoL«JI 



mUI U^l««rf U'JI |»Jft;iJ> 5*1 > mLi^Sm 

u L>J 1 4j j ulx-i rQ-LUtlJ 1 /jix 1 j-jJ a l_*J 1 JajJa ^-**' 1 1 1-18 (JSLilu Tc-lIs ^0J 




a-fUJi j-.ij^i 1-18 JSLs 



ass 



(j-u «4_i_}j» A_j_Lu d j a* I j rt 45^J 4_u5_At (_£jj>.| 3j-o l_(_A J&Jj (jV (_£,!.} Vj 
juu _ LS1JI jj&JagJl JL>.| c_t^s_i 4_it jSJU (jl 1 nlr (j5Jj i ??- a H>^^ aJLscj i mU 
^j\\ (j^sLs. 'La.^j LlA j j i"i tj . 4-lLlJI 4^>-IjJ,Li ;y_aL)j_jJ! Jjtjljj J-i^. jl j"r VI 

cursor <LS/I uJI j-^j-a dL^tlI«mouse 3jLaJ!>>jCjLajj-ujJ! ^Ijij-liJ 5_lJLSLqI 

id-ia-uLaJI CjLtUI (&^3 (^ <.S-r ill j n"i i nj (jl It iU t_i5ejj ^j«j daj] 4iill Jjiso 
5T_alj_j j jj t-> " I ' ■ I t* " a (0_A| 4_j| JJ-jJ V-4-<JL>J! LlijJLo JJJL>. (^-(jSLIj 
jiiSI (Jj-* 5 AlJi Vmil J-& ' . ' J I *a ' I a (JL>- i_£l o-^-J . <_<-<-ul->J! 4JjLt-4-> (<ijJji1II 
. j «if I r«-^3 ^1 (Jjj^5^il j<ui»jjl JLa-a jj^ LoJL2j 
*lx1j-)J 3j-l^>JI d ^ U% tVl | 4 its : (j-CLu_u_uj ^"A^Uj (J~^ J ' ^ I JLA jSj-jj 



ajui\ 



L>JI 4JjLt-4-l /ajitlUI jy_olj_l (j? J La.all IjUk 3_ojJLo (^ Ljji j j JuJ JlS 
(jl (j i .i '< 'i VI c_i^*-J 4_j| VI i Ll^j JLi lj_al LgJL*-a bJ £ 3j_Lii. (jj£j o' V 1 ^ 
, i\l U 1 1 I j » , Vi* ^j]| (JjI i ii U (Ja~ » jl^"" ■■"' V 3-J JLlLojJ! ;y-a!jjJ! 0JL& (j-a j_uSLJ! 
4j*-aj^U i'Ij i a-u 4jlI j^-iiidJ Bip i— iJJ ?y-aLij_> » -lLlJ i ■■_' V Mi'i-aJS . I J i ■■ a u 

r I La a. I ■»■ j -» i aj (_j-l£. 43jJlS (j-a ja£.jjl (-5 i^. i'Ij i iuj 4JtL L*_oLJj_i c_<jSLj (jl 
(j_a j-_j_j_>J1 ^_al_Jj-iJ1 (j-\-g T i-l (jl c_t^t_) Lai . 4J M-aJL^Xl ^_alj-jJl (_3 4_t_Lt_a 
^y, , „ ^ < J _, , ^ aj 1 1 J 2 j -i > » 1 1 t_JLtaJI oljJLS jLlcVI ^ I jj.T t| Jjl mXI JLjJjJ 
l^Jl^IIj 2 ...^tl tlaLSJjl ^Ic JL^llII i^JLaj i3j^jl[,| ,-,ljj.,^tlj (_JUaJ| s b| 
Cj La-Llt3 A-ua '" ( _ ;r Lc. lj-iL9 (JjSLj (jl t_*^=J Lai i4 Laaelll dJJj ( _ ;r 3 (ajLilII (j^s 

(J Ulii; I (jl"V (j^-«f (j' C^^ I (j I J ^ (jH^' (j- 5jjt Ir-I J^Sl (J-lLjlJS «_U3jJ (JJIJ juI 

4_j_Lj_t-a_i3 CjljL>.! p UaC I (J^. Ij-^^ ^ j i"»J1 ^_auj-Ajl (J5-4-1 (jl c_t^e_]j 
(^-LOJtll lLLJJij 4(J_>JI ' - ) I j La >■ 1 LuajLcj '^ ■* ' eaJl i_LaLo_Ln I j^ a Lst_u3^_a i4_uj-a 

.3_JLUI l^IjusVI 

.jy_aLlj-JI (J^cj t_JLLaJI (Ja~ 4JjLio - 
. ^_a Ljj-aJ i fiLajj-Laj L^JJ j I £ i ) ( J LLaJ 1 (J^. 4_Sjj-La j<s_i^_jj ifl (j^i Ll9 - 
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^JjCu (jl » U" . ..j jsJj ,-» j-» .^.tl jl i aX\ ^^3 I Jb (_£ jJI t_JliaJI 5jml ma - 

. (J->*J I (-.3 4_Ll*_o 4_L>. j-a 
4-j_a j j I j_>J ! Jj " ll cA-J f " ">^ w 1 C Ij-iLJS ;y_al_jj_jj! (ja^J (jl l_tJ*JtJ 
J-uijjj U\U ' " ' *' ^J-^""' (j-° ^Lj-JJ^J-^^-J ' (Jj>-*aJ' ??- a M>^^ '■ 1 1 'i A ij . 4_ujj^?eIU1j 

/] o c 4_j_i_L^ 7r <<t^-3 L$_i2 7-j-ifoJI JjjJaj 4_L«_t-£iJl ^J-il i n U 7-j-ifoJ ■ j** irt ^N a * 

<icj_uJ 4_Lajjl^>JI ,3j-^' f> Jig - " ' "~J • i— ialjll lLUj Jflo (^ (_gj uu.ll (_)Ji«JI 
^1 tV,, ,, V j u,%.i Lajjcj . (_Jjj>.| 4^jjJaJ l JjLuu,! J^. 4jjl£_al aJjl) jl jLjoVI 

% i"*" jl t JLLail 4_ui_uaj juSt JjjJaj (J-aS3 (jl c-^t-i «LJU3 1 4_La j j 1^_>*J 1 JjjJaJl 

J£U <j1_«_a l£J ~ "i a ' ill * j'*» i«_aljjuil LajLc I JL& J-p-*^ Vj • <3^*-° 3j ' ' ' ^ 

.iMJjljj (jl » _ ^**' ' '■ * 2f xabjj jl (jLuul 
i_al uij^I (jlr 3jJl2JI L^jjJ (ja£j jl ?y_a!juJI 0JL4J ^jjs-VI ■ " « I ■ I U*. 1 1 (JjSJ 
aL*JI i_JLLJI -i j'a ^yfl <^j1jJu ij'\ 1-3 1 uu£lj i4jljLJJI j! SjjJal! -lU-^Vl 
^ I j Lu r'Ja^a-i Jy>-J liil j (_p3jlu!jj . -- 1 u ^- V I ujut JfLa \-q1c Luuj JlS (jj^JI 
.4_j_uuiiJ1 Cj1jLu£,z1 (j_a JLuilLuiJ (jl » A gali 1 ■■ j AjJilLa 
CjLjj'ii na^ji^. CjIj_luu2 ^LLlc] ( _ ;t 1^. Ij^UJ jy_aLJjuJI (jaSLj (jl <_-4J*J lj_o-lj 
£ya 3 1 ,, 1 I ,11 JjI 1,11 U l£J^vJ Jj- (j-3 j-aLJj^J! aJlJt". ml liLs 2 a 1 ~ x a 
j-it « 3 r - !!}Lt» (JIJjjJ (_g^L«JI i_)lj->JI (JjSLj ir <-- i_j <— I (J!la CjLj-LUlLu/VI 

(__3 (—jLjjI (JlJ i 11 T1 (j-"tj La-Lu . « 1 (jV » )1^_>*Ji (J9^-i i^^j- 1 ^ 11iLl))j i«* ) (jV 

(j I 1 n"l (j_a Vj_l ((r - )) (j-^. «t_!» JjG I jU. i_3jjlj (jl JUj-J i_JLLaJ! (jl 1. 1 If VI 
w a J - ' " ^* "^ t-"*| i—SjijJiJI OJUt (^ '^^ lu-u/l_La (JjSLj jjj .wjLlill (&lu/ 

.jjIjj (JSLJu (ji CjLcjjijJ,! Jflaj dij-*. «Ven diagrams (j\^» CjLaau_uj J*C ,~„ 



JLituj (jl '--tjs.j (_gJJl jn V i"i 11 j_A /j_aLJjuJl ia a 1 r-i_i (_gjjl (jjijJUl (jl 
((SS-iLj.'VI ,ju^ SLjJ, i_JUaJI f.\ La c V (_uj/LiII C^oJ! jj* La» Jla iZjIjIjJS 
SJlC.1 1 naltj « S Uajj I (^ jlj a" 1 hVLi t_JLLiiI 7-La-uJI (jSLa-J i^J^a (_gl (jrljojl 
(jjii (J^jLS 4_luui1J1 Cjuj-kajJl (j-a S il dj 1 ■■ 2f I (j£La-J t(JSl mXI i>JLA (JILa ^J^. ^—b 
,i_ujL>JI 4JjljLa-i (tuJjtll! ^ (j^.1 't^.^Vt «l^jj| ^1 jii^Lu/l iiUtjV 
^•J^-a-J < 1 II la )l (j-AJ (_5 JL>.^aJ cUl (__A 4J a_utJL I Q «LjljLuJ1 4_lu3ju3J| (jl 
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(jlslj^! UjU jjtj ir jjjill! ojjl»j terministic behavior ide-i— J Hall (Lalm 

Arguments jjjLjJ! J*C m,* i_JLLaJ! oljjJL 2 La yj t 1 f"-2J1 ol-^ ulitajUll 
V ^JJIj c-JLLaJ! (j-*j (j-3 l-^ljJl r-jjjjii! Vi>^ >* c-JLLJI oljJ-U 

(ji-JU ty^\ y j (^>1^J.I ^^sii. d^-^J /-Iqm 5 i nil jl^>J1 <■ i ( nLbj . L^_La 4_al_»j1 

dll J tcUsjjj .(JL>J! ( _ ;r a j_«i/Lui jjj L#J (jSLj f«J (jlj id jj 1 1 nil cjLs^L«JI I j/ a 
Jjj^s^il (jiLaJJI L^olg ^j-Lu 4jjLi/jl SjicLJa 24 w ^*j jj' a ' Cellins j_LJj£ 

) alila, liU : f 
(cjL^V! ^ JLj/I : 2 Sj^la) 

/^j-j-iltj (—5 Lcj)jj-_a 'jj' tijLJ-A (jl J a **' * J J-A ^j^LIj .?r .pe to IjLA *.a 
.((Jjj>.V! 4jj^_j_UiII JjsI^jlII tc-lUsjjJ Lia^LLa Vl!la . U<~ I ; 6 SjLcLS) 
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oJ-tb (_j-b jjj^rl 4_c!jj aJljlJ jl j j i a JL>.^-j (j-SUj ij-j-Sj «La <_dl_L& : Jo 

i_4J*j JJS^/I j_yic ji iftULj L$Jslj^.l . jU", ,„",t 5 ae U , „ ^ u^,j^\ jjSLl (jl i_<j*j 

5 jLiLJI (j£. I iLa i(jjl .a 
(4jj^_j_u3 j^lc JjsIjjlI! mJ| (j-LjliJ I ^ ''* " V^- ■"-' '~"'"l :8 SjLcLa) 

jJl! 

2 j j j i .i 4J3^Lc l-i ILtaJI 7"j-<i I ij» '-(^^l ^r^dj^?-^" j 'jtj^ ^JiL^a (j-aj 
4_i£ ^j^oSLj (j-a^l_La (Ji-<-a jjx. c^t-iL9 i4jj^j-tiaJl j-^ J-ol^JtJl Jl>.| I j * o t «aa 

.«3JL>JI a Jut Jla ^ 4Ja>L«JI aj^j V ijU, Jt-uilj t 3 m£Lt* 3-«-l3 JjsUJI I J^J 

(j-o «LU j^JcjjJ)) pjj (j-o CjLa^Lc (jjs ;y_aLlj_il! !j-$J <t3jjll! 3ji£.L3 jjSLuj 

i jj-jj Oa-o* icU-ujLjjl /yj! 7-LjjJl (Jaaj ' ' j ^I^ji (J ^"' ' * (^J i j— t -"' 7" ' " 

jj_c ^-au^-Jl 1 JLA (JILa j-jJ-4-i l-aj * <( /?-" J' jLia_al /JS> mi ^-JS «Qj^Iaj JaJL_u3j 

J) j mi j_)-a_] jj_a I^J^ 3 * '■"' i n j J 3jl_»_*j1 0j_A J-la jl <d ), LxlSgJI ^_ua_U1 «-alj»j 

. 5y_aLij_jJ! ^^3 J)^>.j_U ^VjJI JjiujjJ! (j- d Lalsej i ■■ a Lg-cSJj idlj-r i uj 

3 in *i (ill West 4-udl Brown ujb.'J iR " rfnn uj"jj.' <*' ■ '-»"" ul W ^*.'J 
Lr & 5_u«JLII tfjufcj .«S*l_LJl *Ltai-Vl» 2-jjii-J IjShU" Vila (l3) PLATO <j^ 



LaJLa-" 1 11 a 4J ^L>>J «L2jjJo mJLi aLSjVI Ji-ajcjj ^'j- <— lj«_i j-AjJLj l_i£.V Ji 
(j 11 j Ij . I j "■ ' Sjj 1 ■■ (_5-i-J! ' " ' I J la "- 1 1 J)JLc jj^-J 4jJ)L«J! 4-ul i h-»JI CjLlUjiJ! 
J)L*j! ^^j* 2K uiXlj ■•» j-> LaJI jLlo-VI jjt j-j^^/I J)JL»J! ojSj (jl fljjj i^aJLl 
i3_L«iII ojut ^ j^ls- jjsLij-J! (jl (jJI SiL^^Lij . 4_mJ J^ ^ JlaVl J) Jj(J! 
4_SJ3j_a j^lC 4£j^>- ' a uuSl I «iK^ i3jsLt 4-l<^-lL<3 4jj*_u!j_uj/! j j) Liiajl 3^3 
4-lIai. ^1 <4_lHJ! (j_a i_^>U! (j£La3 t*JVj SjLc w '^»j <L>La iu^,MJI (jx 
(j-ulu 1 4- id Q- UJ LJ 4_ulI L^JaSJ IjJajj .S^LLlII r* ' la 3> 3? I * Cm q i u lj-^JJ i/tJjJLuu 
t_4£.^UI 4^j^- £p-i j_u^3j"^ ^JLl* (JJ^J Lajuc VI Ji-jdJI aJLC IjLLa jaLdl 

i_JLtaJI r J>j-aJ (jJI j tj ~ IjjJaJ 1 Goldstein j Carrjl^ CjjLaijj/l jl9j 
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jl (j£L4_i 4-jn <ii**(TLa .j-u_>J1 4J3jjt_oj CjIjL$_o (j_« 4_Aa_uijO *jj ' *~* /-L>.| JJl 
0JLA «L_Sj-«_l» jt ^-auj-aJl (J^. c_ t^e_lj . 4_ilaL>JI Ji^l^JlJl a I Jl?-" t nl (j£. (Q j: ? e -< J 
iL$_>JL«_j (-;r jJI (JjLjiil ^^ 3 J .' ' ' *-Uaj-a I J » i '-"_' (jij i4lLaL>JI JLcljJiJI 
iL-iJLlaJI I gjiajj (_yll! 4jlaL>J! 4jL>.^I (jjtaj -i j * a SJlcLJS ■ " ■ ta c I I jl (_^o- 
j^La ?Oj^-i (j-a l«j^J- J^ uU LLaJJ I 3ji£.LiII aJJb jl J a aaJL I r-l'iTii ..VI jjSLj 
.SjLcLolJ d ~-J~- '^»tl 4Jt-u.aJl (j^ijjjG <j^-*J 3JL»JI 0J-& (.J-3J ii_JLLaJ! 
(JjLlj * a-LaJj i ■■" zj i!jU>- <LIa-j-m-J 4-l<^-lICJ1 CjLjjJajJI OJLA oJlj Laj 

Cjl_j_iLSLal (J^ i" i .il jl liJLl/Zj .(.i i <il_>JI d U , u | aj (j^ijjjGj! ^a j_<I/LlU 
£j£. CjLjjJilll OJLA (J^M^s- (j-a j-J^lj J Lta^l J'C i"i_i *u JL3 4-LL^.LajJ! u i <ib>Jl 
Ijj^SLj (jl (JL>J,! !j_a ^yfl <j-C1>.LlJI O"^ ^r^iJ 2j uiSgJI jjjijjjGJ! (jj-* 3 



II c*i j-Ji o<* 5 >ma (tt&i fby «jlc *&■« 

^j^N i jl *j Jlj ' ga 1 1 i (j_u_jj» a_A £j»j>J1 1 J_A 4_j_Lc [— Lu ^ jjl I J_lU j] 

^jj>.t 4_Sjj-Laj lLLJ J (j-^- j-^*- 1 cj' (lA- 4 - 1 ^ * (( '*** j"- 4 - 4 tj-^j^^-* j^-*-* 1 -^ ^ j J "*" ' 

» )Lu_ul fyLajLja 44_Ll*_o 4JI i u a ^J^. 4-Ld-Q 7-j-*Iij (jl La «-auj-aJ jj^- 4 - 1 *^ ^^ 

U If SjJLlILa .(J*JI ^yfl d*\li.i (_gjj| jjjJaJI i'IIi.i liU 7-j iSu (jl (jSUj 4j1 
(J_Lt-aj£UI (j-a j^j I 4j>.j^ ' 1 1 Lajj (J->Ji /-^ 4-aJL^-"l i nil Cj Lijt_u 1^IIj_u V I Tj-juj 

Ijl^J i Ly i<ilj Vlila ^_olj_J! compiling 3_«^>.jJJ 2 jUr Jilajj . (LjjLi^. ^ 
U Ir 4-je.ljJs I ju>- ■ ■« lqJI ,j-o jjSLj compiled program j<s^>.jJLl.! jy-oLij-JLa 

J-LiLcTiil modular structure ^ j j^j-lJI »l ! i II jl t;r L. aLc 3^' tiiLukj 

(jl VI . Ij j i ■■ flj (J^jj/Ij i L>.jjJaj J-" ' J?- ^-^ £ ^-l^'J^-"V CjLiLaJlJI (Jjt^cJ 

,-iljU-^tl JiJLi ^jsIj-JI < la « a jj MjLs di! j (^JL- c5^- ^ W. clancey, (^J!^ 
djLa>L«JI «_a J_aL«Jl3 LojLi^. 5j^sL>. iS-lIVjCL^VI oLlUjJI ^ ^U^.^tl 



a^io 



ijJIll uuulsJI 6JLU1I9J ,jujjSjJ\j V3 c\jhiol}\ t&kll 

JlS (jjiSLnJI ^Ir (Jj i JVj" 1 nVI 3jl <ir 3*Lo£ ,j-a ! JLA (JISj V Lo-yjj t3j u 1 nil 
<LjlJljl£ ri i"i t (jl ^—ouj-oJl (j«a ' ' I k } L«JLt£. ULiLc ■- ■ t aj L$_il 2(1 4 l_A Jbj-i 

. L#J-!I (j j~"l (jr^" gSI'iil 4ij^5j3 

./<ui«lJI JjJo (^3 c^t-JI (^3 SJljJL*. lal'aT ^r-\ ;U,^.VI ^KjJI <Ui2j 7tli2 
(_p3lj^,2 3j_uiJI (oJilll j^ljHJ (jl JLi^iS i*Li^5j_iiJI OJLA («_uJb (jl LJ (jli lilj 
^_alj-jjl (_3 7-L^t_u AjL^-**< 1 tU (Jli_lJtt_] JLo* (J\ i"i 1 (. i 1" (jlj JU2f L<£ 4^_lLjLU1 
ipU'tlj jajLillII CjLjJaj jLjai-V Sj^JSj ^^r^*- *' j ' J-* '-. ' ' nL>Jlj ■4-L<^-il<rJI 
Cj 2fl_>Jj (__b Ol J\-la-ljl £J_A d j ' ^J ' a ^ J i4_j_a^_<j_c jl i**<~wz I * ^»j . ^.^j 
0JL& a jir~i 1 n~ (^l j-aljJJ <jSL<UJ . -1 j'j 11 "' jL-Qi-V iiilj£j i3nl~'VJH 

(__<j_j_utjjl ^j^ ill (_paj»C JjL?e_a (j_a 2f J_) i LAj-jSLoj tJlil aJa3» j 1 ■■^" (jl JJ)j»Laj1 
. 4_i JLjJUlUI ^- lLC JI ^-oIj-j (_3 Cjji^t_i Li£ dt^oJl /Q_kut_a t. 1 1 nL>J1 4_tLLlu (^l^. 



211 



WW 



( 1 ) Papert S. (1970), Teaching Children Programming, IFIP Confer ence on Computer Education, New 
York, North Holland. 

(2) Papert 5. (1980), Mindstorms, Children, Computers and Powerful Ideas, Basic Books, New York. 

(3) Carbonnel J. (1970), Al in CA1, an artificial approach to comput er-assisted instruction, IEEE 
Transactions on man-machine systems, Vol. MMS-11, December. 

(4) Brown J. S., Burton R. (1975), Multiple representation of knowl edge for tutorial reasoning, in 
Bobrow & Collins (eds.), Repre sentation and Understanding, New York, academic Press. 

(5) Brown J. S., Burton R. (1978), Diagnostic models for procedural bugs in basic mathematical skills. 
Cognitive Science 2, pp. 155- 192. 

(6) Carr B., Goldstein 1.(1977), Overlays, a theory of modelling for CA1, MIT Al lab memo 406. 

(7) Clancey W. (1970), tutoring rules for building a case method di alogue, International Journal of 
Man-Machine Studies, 11, pp. 25- 49. 

(8) Collins A. (1976), Process in acquiring knowledge, in Schooling and Acquisition of Knowledge, 
Anderson, Spiro, Monatgue (eds.), Hillsdale, N.J. Lawrence Erlbaum Assoc. 

(9) Bonnet A., Cordier M. 0., Kayser D. ( 198 1 ), An ICAI system for teaching derivatives in mathematics, 
Proc. of 3rd World Conference on computer Education (WCCE), Lausanne, 27- 3 1 July. 

(10) Barr A.. Beard M.. Atkinson R. C. (1975). A rationale and de scriptionof aCAl program to teach 
the BASIC programming Ian guage. Instructional Science, 4, pp. 1-3 1. 

(11) Polya G. (1945) How to solve it, a new aspect of mathematical method, Princeton, Princeton 
University Press. 

(12) Burton R., Brown J. S. (1979), An investigation of computel coaching for informal learning activities, 
IJMMS 11, pp. 5-24. 

(13) Dugdale S., Kibbey D. (1977), Elementary mathematics with PLATO, Urbana, University of 
Illinois. 

(14) Goldstein I, Papert 5. (1977), Artificial intelligence, language and the study of knowledge, Cognitive 
Science, Vol. 1,1. 

(15) Clancey W.,LestingerR. (1981), Neomycin: reconfiguring a rule-based expert system for application 
to teaching, IJCAI-8 1, pp. 829- 835, Vancouver. 

(16) Stevens A., Collins A., Goldin S. (1979), Misconceptions in students understanding, International 

Journal of Man-Machine Studies, Vol. ll,pp. 145- 156. 



212 



*lhU «1#\ «*\)A\ 1 9 






***** 

Lg_i J-JJJ (jH-" 4-2jjJaJI (Jix-i 4JLi (_gl aL«J! oLulaj 

3_3jjl1! (jj|j^j=_a CjI i i »L>Jlj CjLJIj-j_>J!j j_JujJ! 

.4jj£_i)| j<i^3lja^j jo^jljL^a (jjj^kjj '(O-ftJjJ 

aL^/I j_Lo p I <"lll 2jUr 4jj/IjJ C)j nil ill JJSj 

^ j_j_^ jjmJ o^L^o Ji^L^ (l Checkers 



(2) 



waterman 



rtJ La 3cLiS_j ^ 1 till » .U", , ,, > V i. 1 1 nL>J1 t^ujj 
I J_A ^ 3_LbtJI J54JJI i-..^.al ~ jLSj . L4-1I m'^V 

cj VL*-a ^\ aLjUaV! J^tll Lxjj '3j^ J-»j (JL>JL! 
S«Lo£j Lj-»jej>. jIjij! jls <LJL->JI i. miLaJI ^-o'j-j o^ 

L^ii^. CjI Lj 1 .1 Vill JLaol l^jta Jjt" 1 ..j 4j>-jjJ L^jI j| 

(jlojJLl! I jl^J U-. 1 iiL>JLi 4JU"n 11VI i.*iti ir^ilj 1 LjjJj 
215 



w I c (_gj La Lj IjL^Jj ijoi^Qil LjjLcuji (^^jJaLL! ( _ ;r 3 j_j_l*j /nU'll (jLS JlSj 

or>o Sjjjtil aj'snW jl 3j_a>LLal! parameters cj^LaUIl pjSl j <i* mil i_uj-2l!l 

JjlJ— a x_a ■- ■ ' aa 1 ,_ q nt" XjflUjj j JJ " (-r^I T ^ * ' ' 1 J-A L_3JL^_lJ . 4_*_uljjJl 

L_£L_J_Lt-£3JJ 51 fl)l LC3 rt (_£ *-J-LJ L-4-4 C_*Jj-3 3-Aj SS^LoS J-t£ij i LjLu J-&I dt^ajl 

JjVl f-j-i-II o^ ^J • pattern clas sification and recognition -Cj^LlSLJuIJI 

jj-a ty'lj^r" < ul (J^. Lajlj) JLali£.1j ' d **'*^ ^ * LojlC t. < i uL>JI aLu ^_alj»J ^j-* 

j-u^lll 3JI jjIjuj . polynomial function jjjLsJ! 3j> jL«_La 3_a-jiij .SlU.tl 5J!uVI 
4J| VI .tiLlJj Iju>. Vila ^Rosenblatt ilj>4 .< 'jjjj-l perceptron c I Liall 
(jlSj i Simon tjj a J i n 7 t - J ' 3 jf L-a-S ge-g-UI I J_A jj < ■* 3 ■» Jaj| La (jLc.j_<j/ 
^jjJlJ IJl_lj ^ jjl ^_aLlj-aJl (jl o_fl> lILIJ) ^j-* ^j^'~»**' mXI ^-^-uL-u^l jjjjjjJl 
. J>-£>- >I-S! !_gj" i 'il. J caJ (jl (j^Laj V ^LjJjl 3-3j-»-a 
I^JJiaJ! oL>oVI I j-A^ w <- I ;U,^VI iL^jJ! ^ (&L«l]l a j j a a JUlbl J^j 
CjLJS^Lc (j-Lc 3j_a_<_«_a 3_jj_aj 4_Uj *Lu _J^s-i ti^e-J! 4joIj tCll m~i i nil ( _ ;r 3 

EdwardFeigenbaum aLjjjsjLs jijIj^V EPAM aLuI ^Lijjj-iIjuj ija-ufcLUI 
(jrt_i kljLa^LnJI 3jj/IjjJ discriminating network j_j-j_«j 3 £ i ui aJlJ-1 ml (_g JJI 
r- j'» a (j^j5 tiilii (jr^- VHa-(. ilq j-^la (^>c ' La a -- 1 1 J (ol>JI t-JjLjo ( _ ;r 3 «_LaL2H 
L^jJI La-lj (jH-II 5j-p>VI dlji n_aJI j-J-i-»J Cj^LaL«-tlj j-ul » nit «_iLj1uU (<ua-2_<JI 
irJsjJI til!j ^yfl jJ3>y (oJ dj? VI . 3jj_ajJI 4j-Ll!I (j-a LjJjJI objjLmXI jjjtll 
SjLl>JI p U"i 1 1 jy_alj_l JLcLcuJ (_gjjl J-a^l i5^j-«Jll (_Lu-«-i a S". O^ •— ^^ (*-4^ 
aI n" itVI (_>ii^i-i I J j 1 4j*_l1Jj . JljJl>JI cLaJj I I JLfli oL>ol ^& jjU",tl ^Ir 
.(^JjVl 4-ujjj=_l!I CjVjL>J.I Jjj ^yC.1 LLa-uaVI «L£jJI j-iljJ> ^yfl f^UajILi 
: (—Li LaS ^ Will ^j-a 4-aj-LStja p l^o-i I j-u_a_i ^^^-a-ij 

(^jLo-^JI 4Jal inn ^Jja- i n i ^Jj t4-o^ri i**i i ul CjIjJi^ ^t LlA ^-auj-jl < 1 1 lau 1 V 
U^ J)L_L«Jll t—lj I i ii^il j_fl> I J_flij ' Jj j j La_l jl (Jja_r»>j (JJJ) 3jUJL>JI ^iilaVlj 

. fiL^-aj-jJI 



2^ 



(nl gill oJbloJI aoljjJI 

(jl (j^Laj J*C i"i ( _ ;r ^ Cjljl_<i/jl jl 4_3jj(-aJL! 3JljJl>. ^\jjz ;y_aLJj_ill w 5 UJ 
4_jJVj"i i hVI SjjJjJI ij\ i n-r~] 5y_aLJj-JI (_y^ ^LjjS 4_jjjJ,l 4_3jjtl,l (^ /y_aj_b 

.;y_aLJj_A! 

J) " S >Jl ^-^ * i J 3j-_j_jS «L>.jJu 4-^jLuj^3 3JUl-L>. J) ^^~ XAUjaJI ■ 5 UJ 

(^SLis .<U aIU»1I S^JLjJ.! SJlaVl ,j-a S-aUJI JlcIjJlII w-aLjj-JI i La j " ■ iU 
d I i at 4 j la * * i I M Laj> »^- 1 11 II (J^oSj (J' *t_»-Al-L aL*J1 ^-jjtll ^-auj-dl *i\* i 
ijJajjKJl L$-La ^t ^_aUj-AI jSJUJ i^jj>.t »1 J Mitj <Ja_o* L^JLi-3 (j-* ^Ljlfl^ 
. L_Aj-lC ^j_a (J^a-»->J1 j-t_La_l (j-* 4_i£_aj (j~*"^ J^I^-dJI Jj*_) (jl ^_auj»Aj1 ^-i^-J 
4-j_La_e (j_a pj i ii j (_dJi (j! VI i4 j j I m stilLal ajl U^l ;Jj Jj ■ a II (j-a (j-ujjj 

.(J^OJI 

4_jjJ 3 i^iLjJI 4_3jjl1,I jjjjJSjCLl jy-aLij-JI ^J "/ a iT - !" '"" "VI (_,!<* 3-J-II-C. 3jJ^ 

. 3jjJL>- ,_jjLi>.j jjul^ I j'" (j-alitjjjLjJ JaLa-iVI i— a I m'iSV 3JjL»-a ^^ 

^jLail jj^-a-ij tfj ' ^^'' I JLA (—3 ■ la ^ a ^-Gj-o* ^1 ^OJjjjJal] ( _^3jjlj i_Saj-uj 

Michalski, Cubonell and J j uil-j aj J-lJo-ijL^j ^^ mm ILa^i-a ^1 fa^.j_!l 

.o^lc:! Sjj^jII a1*1!I (Jj-^ <*-^ d)^ ^LxaA" (jr^ J J ' " "*• * ' Mitchell 

two-space mod-jj^^l ' *"l 7c^jjj-«J-4jiL«JI-jai»lII r - JLaJ (2rV Cy^'U^J * ' '" 

(8) 
- 19 JSLJu (jja •»■ liajj La^j . Simon and Lea ^j (Jj^jLuu <L« i<ij (_gJJI tt i^I 
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^UKxoUl .ISiJI 



* *-* (1) *T~ >_J_4-1 /)-£3 1^>" 







Sli.ty j^ ,4^ j^LJl T-iji 1-19 JSCi 
aj J fl rt rfi W**( ) (_^3L>J1 dJJ!i ^-Ju Li_i£ ))j-lo L^-a JL^-**t infiii /^li cUILa^/1 jj-°J 
^j" 5 1 ^j_a (3'JJ' (J " ° "** l5' (j"~ '~*" j L^^'J i J^5^' C *- L *-J (-r^ flush "^j"j 1 flJI)) 

^jjft 2^jj lMI 2 ax^all (j^Jj iro^J V hearts ujjill! jl spades ^j'nujtl 2 ui£j 



.The example space JhUarf I A^U 

^j-o «LjjL>j1 3j_ij>J1 4_LLa2l a! Jl?-**u nl TtjvLtjl p W**( 1 1 ^j n i nt (Q-&I (j-° tj- 

V *' fl^qjj 3j-U3_U J-al^Jtjl jL^t_l (jt ^-OUj-jdl » ^1^**' ' " 1 f^l (_£l i^GJlj ■*■ all 
f«-C.J 7c^5c_i_J jjl S-^^?-^ "-^H?^' (OltTll 5y.aUj_> (jl (S-C.JJ . 1 (j I *~ J (jl '^^ (JJ-^' 

d I I n I 11— 1J . ^^"1 lull 1 JLA (—Jl J-t^S^ULj 7r I ill (Jli_lJt_l ^jjSjjl jj-° ^L3* \£ Ly-^- 

J^ (^ Milo ace (jjil 4J5jJ aIjLJt'i.iI 'Lj^.aJI ^ya uj±J 4JLfl ij-ujilll jLjjJ, 
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(nl gill oJbloJI aoljjJI 

dajejj JL9 cLiLJS ^j ualAJl a j j d rt ,r**( u < u i ^jt «G_*i^_a ^lxuj-aj flush ^j".jlAlt jLLa 
43 jj A^-J OW er^LiJ! r-LUL^/V! ^JI-lj-ifcLo jjK ^J-Jj^sjljj jljJaVI Ijufc 

itt j 3e (<•> c_t_LJjJLl ?r i^aj ^jt c_^e_] 4XLo2l ^jt 9-Aj J^>« I ' 1 1 Lali rt iJjLlAj 

<u&jtx*aj| ^—11 d tj j , ,.tl ^^a r-jjQj c_t-ujlu «Qi!uit ^—lajLj J_j_>J1 jjjjjJUl^ 

.The rule space Mt$iMt A^U 

l!i! i^LILo (* )) j-j>. 1 ' a ' -~j jj-° d j rt j i*~ J-*^' CD ' " ' ^ J 03^-^9 . 4_LLa2l (j-* 

(^Jl iaLbVLi iLjjLj (t_j) L^ jj^j er^' ' ailjJll j-j-«-»- (^ LjjL^ (1) (jL£ 

.CjL>.IjJ ^-ijj 9. L l < mS j 1 ^ 1 'i^ d ilia *_ujj>. -I 

.oLvljj (o^jjJ 2 ,IUtl «_<u*. (i2) 

.CjL>.1j.} /q^jJJ *Ljj-LdJl *\ 1 11^ 4-ilIa x_u3J>. (i 1) 

.CjL>-!jJ (O^jjJ 4j<-aL>JI 4-lLU ^ajj. (11I) 

4cL«->JI -SJ^tJ (_£J-1I (_yfl-i-ajJ I «jjtil *L>-L>. ijJLiA Jijij («J =ul 7c 1 '-""'_' Li&j 

Ij-^jj (jJI ..^Utl t_j>LL i«Lujj£J! t_j>LL) 3j<_oL>JI cjML <j^ 4-u>?JI 

.4lit Lao (jSLxj 
3j^_t^3 0JLA (jLJ3 til!!} (_]! 43i_ua 2uj 1 * La3> fft_uuLUl (J^-i (J I La-Ja ^2^-4-iJ 
dlli (j-a I J j ri »" jiiS I jjj-a «Lu/jLx-« ( -5 ^Lc OJJ-^ (j^*-^ ipU'U l-^>- d la ' •■; " 
k. 1 1 HT-'q SjjJL>JI jj^j|_jillj JLcljil! Jal i i" i ..I ^^i LJJlcLjij V Lgj^( ij_uSLi 

. LlISjjla L#j JjX-I /^i-Ii d j nil jj-* JtH^ Lri 
<Lo.Li!l (^ j-^J J-Aj Smith i.^mhhi cLoJl^ jolniLl ji- I JaJa^a ijJLiaj 
1 /J j i mmI LEX ^—oLij-j 4-aJL^-"l t u| Jl^j i2-I9 ^J N ui 1 tc_Ud^_oj t4-td-ilaaj| 
istaVl i(4jla^lj(_Lj| mqlt) «L2llV! -.CjLijSLa SjjjI^j-alij-Jt |JL* 1-ijLljj 
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(tjfcil 



»l«l 



pJUdl 




JJUll tUsil 




(10) LEX ^ ^uu, 2 - 19jsLi 

L*_aLij_i (JjSLj (jl (jSLxjj i4jl.}| (j^ ' ""^"^ <— 3J^-i (_£ jJ! ?y-aLij_ill jJt *lj2l 

La 4_a^J. (J-<i£. dala3> x-UsjJ jl 4 La I ^Qj rt p^ - "" '"'** J' iUjjlUI (_£Jl>.I t. <*U 

(^Jl r-Liitjj i ! J_l». (_>ojJ 0*! j? (j? cr^i^' (_ji»ljJiflVlj . jJL*-a i_3JL& oli 

i«JaalLU fbVI iSS' ' "".' w ^*^ fl.iV! (JjL2j lS'JJ' uj^' J-* pjj^*''i -i^ ' ""^-' 

(<u (j^ '-*! ^-° w ' c-J i3_Jjl_2JJ tfjut 4J3j u I c I » . U ^U'ltl 4-j£.jj J-«IL*jj 
O^"" '"'** ??- a M>^ Cr^ (CJJ-SHll Jl^wjuj .7-a_U3JJ 4j9Ju xJSjjJJ flj^/l Jjjjso 
3ji>ijJ,I 5JL>JI ajGjj ?-^LlJI 4jJIjl3 (jx. <"«lt\-w\l * ^\r> ^iia LfljjlsjJi, ^.Utl 

a jajSuj] (jj£La L^j a La /^-Ii 4_ijLal1 /^-iLu aJl?-**( i ii i ^ Jul (jjSLlI jj& aLluI 

r-LLao lLLIJJj i 4 j i oj-1 1 J-^ jyjLli]! (j£. SJj'i i u a flj^/l CjLijSLa (_gl JLJJLajJ 
CjLjJI 4_Cj_aj?e_a ^j-* J' «L3jjtJJ 3Jl£,L9 (j^a 0J-A (jj£j (J' (lA- 4 - 1 ^ 'Jrh! - *^ Cri 
(j-o La j\j>- ( _ ;r 3 *ljVI (j\ i n->o (jc /JJ-U (jl ^tjjl^tl (j-«J • (j S U 1 1, 1 J z jdoj/zl 

(jl J-L>J! /oU~ltl (jjSJk (jl-KJJ Ij-^-Ij 'J - ^' *j^ *'-il JJ-*JJ (jr^ J-'' J- a H>^' 

j»UJI «.bVI (jl Jl£Ij_lJ Lgliol (_yll! k-j^LjJjtlJI 3M~i-^a i-jlj^a ^ t_p=>j <~i , ,n 

J.VaVl ^1 <L*2j JS£ gjoLijjJJ 
(Ji-jG j<u LjJ^J (<£j 4jfLa2l jLlo-Ls ijy_aljj^ll TTjLi- ("UJ La 3jLc *L2jjVI 
jj ' aj (j£La_i (j^-Ij t ^ U"i U (. Ii 1 1 ^_iQlJ1 (j-j^JeoJ (j-^-t-a c_ t-ujlu ^_auj-Ajl (_JI 
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(Til gill oJbloJI aoljjJI 

. aI jiisloj/V! 4_*jLSJI /cu-g-tTJI j^l^Ja tjV! (Jjl nil .ij . jjjiiilt slj^l Jjj^""" 1 ^ 

: » j conjunction J i^ij-LI 2 j S ta ' 1 1 2Ja^L«JI ^^c j-ijjdll «&» Aj-a-'mi im 
di! JLij i<U-<-u!j a j 3 a 1 1 i-flj^sj (>u 2Ja}L«JI (^ic: 2JVjU t> ni^~tl 3Ja}L«J :» 
, t £) A . ^" (^Jul AJ J a II fC-*-ul 3-A * ) aI (j-^ * ) -^ • ' 

i_i_jjj>3 i_3jut ,_jj-S-><j ^jVI SjLcLaJ! tcUsjj .j-JulLi ouljiiJ! (JL> u i ..I 

i^ljjt (J n -»J j-«j3 5j - I J )>— LJ-C I 1!il . J-£^_Lj1 4_l*J (—3 ^j".jl All s^ld 

:2_JLl!l 2 A I j'^tl (^ t j<Jj.qje.a£ 4j3jJ|j 2 .'i.S'.tl |_^j^.j 

.(Clubs l _^j\ wnVlj Diamond S-^LIJj Hearts i_j j I ii II 
K_uLi i jJj 10 -2) dilj£j (3 inq-^. ^^jtl j 4\jjJ| ^? ^it* (5 ii j) 4jjj 

. (jj-ul iCoj 

•.(j^-uVI caI^II f- llac bj 

&(t_)i4 j) 4-ulSJ &(t_)i3 a)4 uiSJ &(i_ii2 j)<l uiSJ &(>— Si lj)4 ui2 i : I Jlila 

(t_ji 5j)4 ui 2 ' 
(5j ,4j ,3j ,2j , lj) ^^ < :: 

d mJLl & (jjjj i3 j) ^ mAJ & Qjjj i2 j) d ULdJ &(jjjj i I j) ^ mAJ :2 (JlILa 

(<_>" '5j)2_<iSJ &(<_>» 4 j) 
(5 j4 j 3 ,2 j, l J ) u i^< :: 
: cLjJLjJI SjLcLill ;*■"'<" i uj (jl ^.oLJjji) (jSLxj 
&(xi4 j) 2_<i2J (x i3 j)3 ulSJ &(x i2 j)3 ulSJ &(x i I j)3 ulSJ : I SjlcLS 

(x i ^j) d ui a ' 
(5j ,4 j ,3j ,2j , I j) ^^3 < :: 

.X J-LiUXLl (J-uJ t_! Cjjlj!UI (Jl J J~ll IlLl 
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2jl ir~i^M SjLcLflJI ,j-a 2 j " j -i ^ J-^' 3jjJL>J! SjLcLill ■» i i -»" dJJJLlj '.SjLcLflJI 

&(2 i ! j) ^Ljjj & (t_! jlj ij) 4-ulSj *. 3-Jlila 
&(5 , 2 j)4jjj &(t_!i2 a)3 ui2j 

&(7 , 3 j)5jjj &(m' 3 j)3 ui^j 
& (8 , 4 j)5jjj &(<_ji4 j)3 ui2j 

(i_uLiu e\ oj) 4_uj & (i_i i5j) 4-ulSJ 
(5j ,4j ,3j ,2j , Ij) ^ijlia < :: 

.disjunction J.^Alt jjjJa ^c ja-uuuJI 

d j fl ji^ J-*^' SjLcLaJl ^Jjljso 4_djL_aJl 4_ajj»LiJl (JlLa ^.HJlj ji «J|» d ^ ^ La * 1 1 

3_LiLaVl -lU^I /a ir-jjjJI 3jj«J ^ HONOR 3j-£-3 («-j1«j ju^j Lj| (_p=>al 

:3JbJI 

(x) HONOR < : :(I0 ,x) 3jjj :4-Jlla 

(x) HONOR < : :(jJj ,x) 3_Gj :5-JHa 

(X) HONOR < : :(<jj ix)3jjj :6-Jlla 

(x) HONOR < : :(t_uLi <x) 3_uj -.7-Jllo 

(x) HONOR (o^T.x) 3_uj :8-Jlla 

:4_i_!L'JI 3_LcLi]l yy3LaJU I (Lt^aAll aI Jl^-**i i nu ^-Lg- tT J 1 w Laj * 

ix) 3-ljj jl (c^Jb ix) 3_i3j jl (jJj 'x) 3_jjj jl (10 ix) 3_jjj .2 SjlcLjs 

. ((jjjlix) «LjJj jl (l_ijLJu 

(x) (HONOR) 
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plaXU 6JUUUI gjoljoJI 






.ajiaVt ^jl 



:4_JLJt 
( x ) iijj' < : '-((i^-^ lX ) <_£-^ 
( x ) <ijj' < : '■(£<&* 'x) J^i 

( x ) Jb)' < : •■(^^ <x) J£_i 

4cjjjj^a (j_o 4 i \ i <-i t,l JlSLl/^l J^o' ?"' '"' ' "' LjJLa -3jj' U>^ JJ- 5 Jjk"i i no jl 

yt U . . . a ps_^' 



i^jUi^ 




jSLiJt 



ur^rf 



i£yb 



£S 



oii. 



Winston program |||JmmIj g»Ll jrf 

dJ-jjJjLl 4 j"i^ (_£ JJ! j_al_ij_J! dDj 4-^ajj_U p U"i tl J-aljJ SJlal <j-a 
Afl J a rt ^- llC u tloIj >-p' f* a^u tilt-o* 4 J * gj 1 J m n**t ( uj m ta-*-uLo J j* 1 OP**' i u r i a 
4_jL_ljlj 4j>.jjG_ij 4TL*3 2l JioJaj ^jt ^SL^_i ' "^ 4-19 ^JS mi 7r (<tajj 5j La Hall 
i4 <iU"t -ilj-U A»g-Axll ""J"" ""^ iJ^<-U cr'-i 5j>a i -*» II w La «"'■* . pU'tl 4-u t~ 
4-oL& 3j£La ^^ inearmiss i_ujJi]l LLaicll VliLo 4_uli]l Sjj-i^aJI w La «" La-Lu 
' a j J -^ o 1 ) 4_u_uL_u^M Ja^j-iUJl jj-* ' La ^Q JL>.lj Jaj-ilo ^—5 i La3> <j^-fu jnl i u fj^aJ 
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w I c J_SLjjj sLiiai 4JjS dJLut (jj£j (jl t^-^cJ 4JI Joj_Zu jjt JLjJkl I J-A (^J 
(jOjLlSLI! (jl j-tb 4jJLjJI 5ja LiaJl ( _ ;r 3 t_ujJU! Ltajj I J '(j^"j' "j>M (j-uJjSLJ! 
(jl <3_«_ilj_J! fljij La II cA-J-J l> J^»Tj i >-»► jrl I i J *" (_p (jjiaV JL9 (J-CLuj/IjJI 
(JSL.I/ ^^3 Q^S-J jl <j-^-*f (_W ' ^ J tVu n a (j^SLj jl (<u^y ^ tr^^' U5^il 
4_lLc J3^J (jl c- t^t_i LI (—IjVl d ^ la j a * ycJali ' ^ _p ^lxuj-ajI i—iSjjuj * J^ '"'^ d 
.i—fljjjjj! ( _ ;r 3 4_uj/Lj/2! j^lC j*-a^L«l] ( _ ;r J* : JjjGjl jL*_lLu/VLi liiljj 5j LaJLaJl 






£ 



FTP 



.Uii.n Lkj. 



.t-iu.n Lki. 








«5j La uijl» a j j fl " /d*j 4- I 9 (JSjlo 

Learning abstract structures ii j*A I MmSI jmII (ftlfu 

i_a^j>J.I Dietrich and MichalsKi ^^ mm ILSLj-oj (jiupjj jy_oLij_i lijl^j 



(12) 



INDUCE 



I^LUU 



.4_JL>.!j 4-lLi LgJ jLi j_uijj ( _ ;r ll! (tujtLiLlj i—ialjl! • a • a j 1 

(j£Lx-i I j i-u La-l3 cjLa^ic ^^ *LallL=»J,! cjLJj£HI (_L».jG JlSL^uVI ^j^*. 1 (j^^ 

<_aLi^5j2l j-iSi J^*J jl /y-°H>-^' cr^J iJ-iL-ul jl O"^' u""^ .' i— iu^3jj jl 
:4_JLl!l (JliLa^U jd^uuij^ •» 1 1 aj jl (j^-4-i (jr^'j !jJJL>>J 
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(Til gill oJbloJI aoljjJI 

(u) y^Sb &(u)j-u£ 3 : l-Jlla 
(v)^jjb &(v)j-u£ & 

(v ,u) j!^] & 
(w) ijljjb & (w) jjii^ : (y, x, w) 3 : 2-JLla 
(x) yj-a & (x) j_u£ & □ 

(y) £_.>* &(y)j^ & □ 

(y ,x) ^k! & (x, w) ^1 & 

.« JL>.^_1» £l_L*_a 3 j-ajJI 

:3_JLlI! (_4j£!jlUt ^_oLJj_JI jJjjj 

(V .U) (>il :(v <u)3 : L-Jlio 

(y.x) ^kl & (v ,u) j^k,! .(y ,x .w) 3 :2 l( Jlia£ 

J-J-SI (Jix-l (_£J-JI i(v ill) (jj-t^l Cj lLsj_<I/ (^LjJ! Jgj ui 1 1 *•"'"■ ' " I *ULaj 

* I U » t I AJiLa jl x_a ^ -Va I " i V Lo_Lu IjUJLto Cj La-La_tTj I 

j«jajv > syntactic vector: ^jj^jJJ sLxILa 2U , „lj^ JjiUlII oj^ o' o^-* J J 

<(v) J£_i.(v) (WfcS-^u) J££ i(u) 

t^bJI JSLJJL o}Lcl 3JloVl 4jL£ SjLcI L$j^ ^ (jSUj (jSJIj 

(»_>j_a 'J-f^ 'iSj-'b 'J ■!*''"') '-2 n-JLLa 

(fJ- '^hhf^ '£>>* ',«$ :2 »»>-J^ 

^j^ , />^1 I ^_aLJj-Ajl JL»_l i2 ,,,J I i i^—JLla-l 2 i i<jULaj I t i-jjULa d, J' ^ ^ ja 

tjjJLiJI ■ a-i^jJI (^jVI (tu^utll! -iL*^ 
(* ij-fj^ 1* l >f^) J (*'j-f^ 'liLnb '*) 

. 4_a^_a j-^ L$J 4JjLo11 ^ d ' gall (jl /^-t-*J «* » '-^P* 
'.^yL La J-»o 4jjjJoJI 4J3^L*JI a! JLJr" 1 nLlj 

(v) j_o£ & (u) (jjpta & (v ,u) j^kl :(v <u)3 : l-Jap, 
(v) j_u^ & (u) j_u^ & (v ,u) j^kl :(v .u)3 -.2-^3^ 

jj>.| J-fjS La >(_yJJi (.^k' J"f^ '- a *C J ^' L - tJ ?"5^ : l£>**' CjI hINi IjUt ( _yi»JtJ 
3Jl_lj*. 3-jL>.I I J_A ^jJa-iLJ (jl (jSLajJ -J-i~ *-(jr^" O"^' LSj- 1 '- 5 ^cr*"" "-'P'JiJ 



ass 



. kodratoff i_3jj|jjj£ ^'^J.' <*La 4^jl nn (_£>>-l Jl or ? tiJLlaj 

AQ 11 &lijd 

j^c!j_2J| j^j^SLlJ 4jjlJl2jJ! Jjj La 1 1 MjJ-j La^-La *j^>JI I jl& ^i i '» ■ -^< 

U I * a .(JL>J,I ( _ ;r ^ ^j Q La-geli-ll (_gj uiqJl j_uJ»JI *_a jl_j»> «lj^>-Li 4-Ltj.LuVI 



VI ii2jVL»JI rftlaj^a ^& 4j-j-r La CjIjIjjS (_gj ui 1 1 1 j_ujjl jLscjl (j-a (0-C.J-II 
0JLA jLis_j2f L$_) (J_i-£^oJ (j-^-JI d ^ ^ ~ T'J U ~" L^ 4jajtj-sa JL^_i La 3_}Lc 4_)l 
(jj-i jl yc VI ( _ ;r 3 LtJL>.| ( _ ;r lll) 4_L<j<-a j_uL«-a jij /j i ii m La lj_u£j iCjljlj_i!l 
. L^-JI (Jj^3jj er^' /J-jLlill SjJS (_£J-I. LsLlS.} Lajoiij w La «j V 4JI Lo '((jfJiJ (jl 
a ', ^ ,'.-." 1 1 ClLajUU f-^aj (_y3 Lufc 4j>.j_Laj (_g jJI JJJL>JI ge-gil I JiLnijiJ 
, U , iijfj . L^-al JlJ>-"i i .il (j-a pU'll jy_alj_l (j£-«-l (JSL<I/ ( _ ;r 3 4i^jJtll 4iiLa2l ( _ ;r 3 
t c I j ^ 1 1 4 y uS>qJI * j j ' a ) I (JulAJu «UILaV1 «Lc,Lj_t-a ^—A lILo gj-uigeaj sLdjjJa 

. ' d uuSj lJ^OJ-u (jH-II 

RysZard Mi- (J < ..ijlLCua -ijljjj 31a-<-J_jj AQ11 j-aLij_i iijLa^L-J jlsj 
(_P=lj^Vl ^j^j-^ uU JLC I jJS jjjial) Ajir'ii.il JLSj i(_£jJLj| 5jl^L*j chalski 
630 ' a -^j w I c 4_ajjjtll 4]lLa2l (_gjjjoj . Lja-iaJl CjI_i_i I _i j i aJ (_^<-JI 
foJ j-j-iLlII jj_a 4_o*jj CjLcj-qje-qS I J '"- j-a-«-1 iCjLjLtlll j^palj-al ^j-a l_Laj-a 

,-A j, ,^ ^. ,-.A\ jjx. j-Luj ii_3jijj(Ji.I ^)^j~- uullj puameter value pairs /j«_lU I 

JLitlj (jl I j '" (J£LI (j^-a-l (j^ill J-i^Lti' (j-° 35 dJLLAj j uiC 4 i nn-*. 4laj-»JU 
3j ui r (jJlja. 3-cSLaJ.I ,_pslj^.VI JJi£. (jL£j 7 , 2 (jlj 7-jIjjj S^lS 
'■(_gj nut! j j i -sJ I I ^1 Ui- I SJlcLcJ JLla Jjfc I jjkj 

4jjLc j-ii. 3^ i"tlj & ^-^^ <-— >LjjLI1 3'jj' t ^^ 1^1 

4^1 4j CjLLlII jirj & 
^jj L4J3JJ i43l L^J ^Li-^'j & 
4jjo\jI j> jJ a_>oj 4_ajj 2I j-La_dj «Qjl_t-£5 2 (j-dAJ JL9 CjLi_ul j JL>. (J9^-J (jiil 
3 1 1 ui i ii ^Jju 3JLum (jJI djVUJI J-L4J (jilt J^:lj2JI l^I ul£1 3JSLAa ^aLij-JI 
^j^j-» "~1 Sjujll 4i!laVI ^«-J-«j>. (_y3 j La '" j-a^l J J I ^& (j-^3 • (aJ-^Lill (j^s 
(jjj cuILa^l )*_j_aj>. )*-a ^j dj * tilt_LSe_] 4_l31S 4>jJj LaLc I a t ^ J » i ^*" /qj i(j\Jt_a 
4_u_a2l )t_j_aj>. J * i**i i n 1 (jy^>- ' a i a j ) I 1 JLA JUJL^tjj lLLJj Jjlj a^Sjj 



. cLllu 
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(nl gill oJbloJI aoljjJI 

SJLsjlII jj£j I JSL&9 i^jjj-Vl ol iajje uuil Sajjll 3JlaVl J-jjjjv (_gT) 3 i h^UJLI 
3-Li£. oJLA LuJb. ^ ^aLJj_JI jLo.1 JLSj . 4-uufcl L*ji£l L$jV i3_Lu«JI jLUI 

340 Lajj-c j-Lljj oLjLjJI ^^ L£jLj 'p U~ tl 3_lUjlI iZjLj 290 -i ■ '-*' 

. (cjLu 295) «Lij-«-!l (j-o Sj <i~ i ii U JlcljJL!! 4ie-i^5 jLlo.1 ^^ fQ-^-al JLJ-~ i ii X 
U <i 1 nilj iPL dju i h il'q tj-iai. jy_oLij_> «l_b ^1 OJLA /nU'll <U] »c (_£J>Jjj 
t_gj uioJI j_uJ»JI *_a jljj>JI /^a 4jJLlL2HJ! 4-2jj_LaJI *-JJJ (_gj-!l (JjLa-U 5T_aLJj_JI 
Cr lJ| i_aL^5jVl ^ »; !_gj uixll j^uiJ! T_y&\ AQ11 w_aLJj_> 3Jb. jySj . PD 
JlCI ojijl ^j^* 1 (_p.fi i AQ1 1 «Li_Lt-£5 I gj j 1 Iaj /^-Ii l£Ijj (j-* J-k I ujj i^Laj '"■ -'^" 
^jj>.1 QLflXta aJL^-**i i n" i_4— c_a_i t Lu_oL_ol ijj-i CjLit^aJl ^j^* > I J^** i. tJLU /^tll 
,j-a 3*La£ Jjai PD (jl J-^-J ' ^' a tSjj Xtl 4JjjJ,l ajjt (0-C.jJ • Jlj^GJI -5j^><I 

jLpi>.V! cj^U (jjj /.97 , 6 Jsi j^p^^J! ^V A'ltl PL ^U._. ^l£ j^ <PL 
oVUJI (>a / 1 00 PL J^A dUi (^k. 3j>Lij . PD jxLijjJ '/ 7 1 .8 JjLLo 

L^JLu (jjs jjl£ er^'j 4JLai»Jtl '"'I ' ^J~- uilil (j-o 3j j i a 3 sLujLJS I jj'a AJ^S cH^' 

oJL£ ^ JJI oJajJI (_ya iPD j_aLJj_J '/. 96 , 9 J_il_2_o ■»■_.-». ^tl ^^ uilll 

.JJSl L^ta tlaJJI 3ji,i't ^V 4-aljLa^L.ul <jSUj ^JLlILij ,j , ^.aiPT 4^jH 

^_aL_lj-jJl ^--3 ^j ii La3 i_iIl_LA ^LS JL^3 . (g% i ii i J 1 j-latkJI 3t_a jl^_>J1 ^1jj>*lj 
J^l S«LaSLi pU'll 5y_alj_i Jm'n nj ^J^J"*" uilJlj (_p3lj^.^(! ijr\j t>\ I mi^LJ (_gJJ! 
ji intermediate conclusions 2Uj,„j ^ljLu aIjlJ-'u.iI i^.IU*.* ^pJ! (j|_o-VI (^ 

(_Jj^>.| !jj_i^5 ;_gj iji ill j j j -sJI AjJf'i i ii j L/s-ijJ i(JL><JU SjJJLajs jy_aljj^ll 
(^ JK uif SjLc j>jir~(inj Jj lixa.LlJ'^l J^lj2JI (jJJ 4^LdsVLi JVjCL.j/>LI 
i3JLi^»J.I .-.I . ^. j ^- ill!| ^1 L?-iJj Lg-iiajU SSj^-LliVI "~ IjJiU «LaljLJcIjj/l 
^l2_xj ' (-t-L^aJI (j-*J ? c -^ 3e ' ^ O^^ - ^ uuJI jj- J^SLIUl (—3 Jl£,L_uj I j ' ea * ] a 

. ^ W**l 1 1 ^_auj-) d U , ,.lj i j,l_ l o T J I I J_A 
iaj^UI (j-a jJllt 4-jAla-Lq j j < ^ 1 PLLaJj^j /^i-II JlcI o^JI ^j^* ] CcLiarv Jl9j 
(jja 4-cSLxj (jH^' C ^^- Jl -^' 3JSjjlU 4jjJ (J-ujJ jy_aLjjjJI jl VI 1 1 ^laj i iixi (j£_4-lj 
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^—S d j * 5 **' ! I a! J scj i nl (j-^-3->J t^j ii itvjL^ jl_r»o 21 ^jL3 4 1 JLA f-aj . I ^Jaj i ■■ u 
. ;y_al_jj_jjl JLcljJa p Laj " «!j_j_>J! (j i .tIi nl JlSj .iL^jLiiji (_£jj>.| CjVL*-a 
( _ ;r i j j j -»J I (jj^ SljlS pU'tl (Jj-k ijr'l J S^?^ *^' J^? (* J^ uiJJ 

i ^jj-ajl" i ,i 4j»-aUe-i Douglas Lenat CjLLl) <jjj}L>.j.} ^aLjjJI I jut i_<j£ 

«L?e_>J1 aI J scj i nLl p—j-ALaJJ Jljj^j Ly-^- J-^^ ^ l *°~>^ ^yuJtJ^a TJU-S-l ^-^J 
La-alij-l AM (j-u-Jj .p I tltl J-alj-J (^3 4-aJJ-"i,itl dJJil 5JjL1I 3-i^j-«II 

(2r* i m -»■ * t 3jljj_>JI <Lajj<Ji.t a jlJt" . ..j V 4J^ sUjjjjlj ^JjI mil ( _ ;r l«Ji.Li /«JL»liI 
j_aljJLl l_L& gl I A. '-it j^j . 43Lal mi'SI «jj^3 ^^ <GIa uul (Jjjlj 4_iSL!j i4jI^I 

d J^ fO-J-ALoA (j-° ' ' ^ j) ' ^ **' " «L3j-*_a SjUcLaj AM ^—oLjj-j t Jljjj 

liJliJI Jj^iAJI j-lajl) stmctured objects <LJSLui CjLjL£ J£-Ju (^ CjLc.j^ijJ.1 

i4_lj*.L1JI JlC.!jJ3 JSL<i ^ 3_l3jjiJ1,I *usuj| ^ JJi£. (jJI ^LaLUs^Li i(jjii 

. 3jUJL>. (_fjj>.i jjjj (jl (jSLxj djjj^l CjLjLjSLII (ji^. I J SjjJ <ajj (_^-!lj 

AM^talLlL&ll 

ii_fljjjilll (j^Aj j p* 3 -" LajJI (j^s standud sLu^/Lia tlcj^^Qj O^P lP jr!-*-^ 

. a j ^ ii o It 4_uutVl 4j>-jjJ j-ajJ «J9j (jr^J 

prime numbers>: 4jJj^I jIjlc^!» (jLp-J <j-N-^' J^' jk'»l 

iLJjVl jIjulVI :^VI 

2=(x) divisors *u-utjJi!t <j-o JJx. -.Jj^Vl 
y = x jl I = y < = (x I y) (y V ) = (x) ^j! : Jj^i^J,! t_jLva^ 

23, 13, I I ,7,5,3,2 tiJlof 

4-3t-t3e-Lt3 JlACl : CJ L-LA J_<}JLJ 1 
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(nl gill oJbloJI aoljjJI 

/<u-u!jil! (j-o (^>-jlj (*4j LgJ 4j>jt lr-l JIJlcI 

4_^>.jj 4j>jt ir-i jIjlC.1 • i " 1 1 j i -» j i a -- II 

Sjjji 4j-jt in jljLcl 

4jrjTi^tl jljLcVl ,jji rljj' 

G>Lbl 2 ^ j-I^i!) 800 :2u_l2JI 

4_JLLl! ((aa.) 4_l3jjI! jjiuJ! (j-o J-tlj^ j-jj^lAM £_oLJj_i a Jiir" i ,nj 
jLst-jV 5T_aLij_jJ! j j i ii j i_ a-p ■ t— j ■ a II J i_Jj-i (j! (j^Lc LJjLcLjij (j-Aj ' 'jr!-^ 

.3j_iJL>. .<j_ufcLi_3 
iJluLS I jlj i LaJljJjj /<u JlS La (a) ^ J J ^ '"'^'^J '^--tl (JluLS I jl : I -f±>- 

Oljxaa^aJJI tfj-fli <j-a JSL! 3J!Lal .sLajJ j^-A <LJL>jl 2 ^ jl I 
/ajjkLiL! ^j^» d 4iial I i aj I ( _ ;r fl> (a) ■> j j a i U 4^jjj>1! 4fLo2l (jjSu JL3 (j jl 

. 3jUJL>J1 d j ' a J ' * >■ ' I 
i(l a) j^i-T AJ (j a I 4iflol ^yJt (a) a j fl ii o 1 1 4JiLo^/! *-*>• ij' ^^J '^S '-2-^>- 

. ( I 3.) (jr-l Ir~l^c3 Jjfc (a) (jl JJLJ L3j|JJ<_0 (jSLj /«J I jlj 

• tjyj <3 " < ' ^*i^ ^^ih 1 C^J '(' (0 (J W 1 La ^ e -' _$-* GO o' O^J-^' O-^l 
function 2 a j taj JLx_o (^ Lo a j j a * 3J!La^l *-j-«j>. .-«j.>.'iI !jl .3-jaj>- 

• a1 JLa-"i i iiVI 3j-sL) 
«Lc^a_o->J,1 (j-^J-i'J ^ aolaajl 0JLA dtJ>o j-t-^LutJl 0JL& 3ja_t-£5 <■ i i n^.1 ^j!}! 

(J aj i ■■ rt AO^-a-oS c\_>uLlJ1 
. |jL>. SIjIs SJlal La a j j * 1 (jl JL»-j ! jl :4-(4^. 
. Sjnit^l (_LdJS AJjjiiU q\ j-jj^-Ij tu-u intl JL>«J j! JjLs. (j jl 
(_yicj 1000 -l(j-a fLsjVl (^Ic l-jt^. ^Uajjtil iLauJI jj;'^"; Llal Ijjj 

•.^—L La£ «L?e_u_(j1 (j^oSj 4^Jlj>JL1 fC_i_ol^ajl _}JlC a j j a rt 
JL>.) z '.fO_i_o1^aJl ^j-a j -^ i a * jljLcl = j^-^ jc-*-uL^ 
I '. JL>.lj ^u-uLaj jIacI - 1 /cu-uLs 

il3,ll,7,5,3,2 /<uj/!jill ,3-a 2 jjl»j jIjlc! =2 (tu-uLa 

169, 121 ,49. ,25^9,4 i^ljS 3 L^J jIjui! = 3 ^La 

I J-fli (_j-l^J i4_ua-fl>l L^J (J-ujJ '^*- ^J J * ' a 'I CjLcj-«j>>JU tjLa 4 j<u>J I aolaj 

i2 jc_i_oL^ /j^. (C^>> t^i ^j i La u 2(J . I Jul i**i i n 1 (jl j^A-o-i I (C-i-uLsj j a i a j<u_oLa 
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44_jjt_ujIUl pjbj^jo. (_a j la *'■ 1 (^-aoJ 3 (Q^>-J i«LoLJ jjJL>. L$J 3 jo-l^lS (j^-Jj 
4aj^ 3-iLjj V^?i 2 (<u><J I 5 ■ Iaj . 4jJj 2! j! Ji£.2l :2 ftu-uLs <icj-aj^a ( _ ;r A (^H-Jlj 

. U^ia J£ 
(d-utLiL! ^j^C- <LjJ3jjlU ;*u*->JI jj;'^" 1 .' 3jjJL>. /4-ufcLLa AM jJa-J ljl£L&J 
j-a^l iSj_jJL>- 4-jJ3jjla L*j*j>. (jjiitJ (jl * ^m .' * jlaj 1 ■■_' V 4_cSLIj i3j>aj>.jJJ 
. pU"ltl «-alj-j j-la_i 4_^>.j jj-* y ^ LctaAJ j-jUjlj (_£ jut 

SjJLdJl ' t-LlaJljq i^—jljj^Vl (^QJ mXI (j-a (-r^-' l£J**' 1 u a ' 1 i Iaj » A- xlag j Lb 
«sL-j-9jj(_a ;t -r -»■ Lj_<_a» -SjJ>-J Sj_jJlj>JI *Lj-3jj<_U 7r x -»J1 1— h\ i~n'S\ w 1 C 

. IjlSLaj . .«3_jJ3jjt_a 5^*a- Loj-° Ljj-°» ' . ^ ^""' LajJ^ eH-" metaheuristics 

BACON -3 gtLJjri 

^S-L^jj-u^Vt j^il^iJ! <_al nu<i\ (2-iLcl) (^Jl BACON -3 j-aLJjj <_so£j 
(J3JL3 1 perfect gas laws aLiII jUJI <j-LJljJ3 Jila 2»j xtaJI (j-uljja ,_^ai-^l ^Ir j 
aIjlJt'i.iLi i^AJL>. (jaJLaj Ohm' s law, ajI (jaJLaj (_^> coulomb's law i_^aaJa£ 
(^j <<iJ aIU.1I cjLjLJI J& ->IU-,Wlj JjLojVl i-sLi^V 4jbjjdl <?^>J1 

.dllj Jju I j~ se 1 a jLQi.V (_,» 1 uJ (jylll CjLusljHaVI (JjSLj tillj *j-Us 
(jJJJLc (jjj-iilLa (j-u CjLs^L«JI 1— al i^~(Sl (^ SjjriU *LjJ3jj<JJ *u*->JI (j-aj 

.2-A J^s-I j-JjCLa *La_ii2 doljljl I »iK I -a La j_L*ILa *La_ii2 Cj.jl.ijl I j! 
.(JjII 4j>-jJ u r i ii-w 2-aj I -a (j-u SjjIjUa 3_j.sljJal SJa^Lc (_p3jlial (jil 

jjj_iLa jy-aLJj-JI 1 ^ .^."Xj ,5 -19 JjJlj>. ^jj cjLjLj-lJI w_oLJj^J! p LU_c uj 

PV=nRT jUJI 
(JaJLUill) p (ji [ ^ ,^"<j Vjl . Jj>.lj_a (jlr liili ^1 jy-aLij-JI Jj^sjjj 

j^ , U; .Vill ujj-Us Jj^sLs- (j a j U ; j 4LIJSJ Lx-a (j«jtr«JI) V jIjj! I nK jl jjj 

cLa_j_ajl j"-^'' < U A". -»■ < 4-tSJj . LLiLj (j^jJ 1 JLA (Jl JL?e_i 4_it 2il i PV aj?e_>J1 
I aK jljp PV (jl J-^-J <LJI C^ljvj . 2QjLj (SjIjjJI 4j*.jJ) T w S p LaJti^. 
^yS L^LajJ2 J^ia3 (^illj iPV/T JLajs-l ^ ^aLJj_tJI jiaJj i3jlj^>JI Cjjl jjl 

jIjlc! j-a Jj!>2 Sj_o.Vl 3_ujSLII ajjt (jl (_,-* SjJLUI 51; — .M llj .6-19 Jjjl>- 
iPV/nT 3jljJl>- 3 n 1 .1^ Jj^Ls. ^ jU ;11 ^.ju Lx-a 1 jLiJl imoles'n cjL5jjj>. 
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(Til gill oJbloJI aoljjJI 

Moles Temperature Pressure Volume PV 

300 300 000 0.008 320 2 496.0 

300 400 000 0.006 240 2 496.0 

300 500 000 0.004 992 2 496.0 

310 300 000 0.008 597 3 2 579.2 

310 400 000 0.006 448 2 579.2 

310 500 000 0.005 158 4 2 579.2 

320 300 000 0.008 874 7 2 662.4 

320 400 000 0.006 656 2 662.4 

320 500 000 0.005 324 8 2 662.4 

fUi jUJi ov'y (*-* ^iii^* cjIjI-j 5-19 J^jj!- 



Moles 


Temperature 


PV 


PV/T 


1 


300 


2.496 


8.32 


1 


310 


2 579.2 


8.32 


1 


320 


2 662.4 


8.32 


2 


300 


4 992.0 


16.64 


2 


310 


5 158.4 


16.64 


2 


320 


5 324.8 


16.64 


3 


300 


7 488.0 


24.96 


3 


310 


7 737.6 


24.96 


3 


320 


7 987.2 


24.96 



. s^r OjSi ji^i„PV/T ji jL»i .u, 5-19 Jy» wr . «4Ui —ill 6-19 Jjjl 



Moles 










PV/T 




PV/NT 


1 










8.32 




8.32 


2 










16.64 




8.32 


3 










24.96 




8.32 


PV/NT 


of 


JU 


Oju 


6- 


-19 Jj^^ 


JH\ »*8I 7 


-19 J^ 



^> s-^s" jj5j jf ( - J S^, (jUJi j moles ii j-lp N ^i~>-) 
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/ft-La-jJl c<_jJ L*_u t J Jjj"* 3 t U \ " ->■ " jJjLoil ^-JS L^s-^u t3j_aL>. 4_j_i_j£jj JaLa-iLi 

. jLcl 9-SJl (j-° SjuJlC ^j^La L^J jT A v.* ^JJ " JLi£. tfJ-LSj-uiXI ^-JS 4jflj-ua j^tS t 
{^J J .'^**" " A J^W' ct^ L^Lal fiU"Tl n_a1j-j ,jl 
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<\&\*M^\ 20 






cLi J_U *La^>-LJ ' " ' I 5_j_j_La.J (j_a iUiu (j-S-4-i L*£- 

4_oLJ3 SjLjJLc CjIj I i ii 1 (JIaj (jl (J-«IL>J,! (j-o (_^i!l 
3JbLii! j i m 1 1 Cj zjL»_o Cjj^iil JLSj .i. 1, it- ilt VL*_o 
La jjJLaj (ji 4aoL3 .- I Laa.! ^1 (Jj^LlLI <]ajLA ^°> 

jl dLi Vj ij i i^i S II ^JlII (_5-Lc 4_*J3jJj (j-SLaj 

jy_jLliII (jl VI 1 1 La t. 1 1 (jjtiil sLUs^c LlA LuJjL*-a 
CjljjJLajJI *_a aLc (JS i"i_t LuIj_jJ-2j J}^-^ (jJI jj i"i" 

cjLijj/L>J (^LLJI f'^j uiXI (j£, (j^Lc^U -i j"'l 7-" ■ ■■! 

^Jl d 1 1 M itLi LuIjjJL2j CjJISLJ JLSj .(jji^sLiJI (_Ll>JI 
IjLjk (_5 (_j_u_ujJ1 j-pjUJl I -1 ^'** ^-^J (j-tc^-ua^-a 
p la LJIj 2 jj j-j La tl oLiJJI 3-j>JL«-a L-Aj c-jbSLII 
I i 1 nL>Jl (J-«^>- «UjL?E_a CajQ JLJa-ua I Jl9j . 3j-L4_>Jl 
CjljlUI (j_a 3 J oJ_^c_a J-±£- ' a 9 ' a * LcLj I jQ -n J^ > 
4_L*ljJI 5JL»JI J-La (^ SjUlc i^jLloju ^-L«-uJaJI 
^_alj-j ji v^ fl j La - ga * ifl . (JLtkII 1 Jlj& (_3 d j * 2j 1 1 
I j ^ 2 ] (jt (_J| a^-jJI 4_j_«_j_t_LaJ I CjLjlUI 4j>JL*_a 
aJ-tb (jV lLLI jj ^ La i ■■ j a CjLUsIj^I (^i^. («-#^=-alj-! 
(_^£ . i(_j>-jL>J1 yy5-iA>JI jcjljlILj /J - gajj 2f ^_alj-Ajl 
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sj cLjjt_j_LLa] 1 4_u_J1 £j£. f, *^ i Lo l_3jjlj (jt jt *tK**iU t_^jJ (jl * ^lali i ■■" 21 

^l) 5±i^iilo ol »iK (j-o oj^-° 5-°k>^" 4 ^=*^ l5 j-" a>LSLI1 (jl oLUslj^VI 

(jj^Lj (jlj i(4_jJLlJ! 4 n 1*C II Jj-Jij (jl J-J-* d 1 LP "-^ *— ^i-y C>I^~U (jl 
SjLcj i4_jLil! IjjJLa-o (j< <iK~U JJLc (jj£jj i3jijJL»-a Cjljj_iilj e-ij^ljUll 

. ljL>.lj I ' ease '"■ (J5^-J L-« 
jj-a dljl^ CjLlaj JL>.lj CjJLalLa (j-^ £ Lj-IL>JI ^J^*^J' FJ^'j - ^' J ' *"*"' " J 
LUsjI iJJLlAj itfJLsJj J^ Jjlj *j j i a 3 «Li^j I j , ^ I , ^«" ^jj S-'^?^ Cr^' iCjI «iKtl 
La I . 4-JI 2ajU;l I j /.Ij^l 4-o-aj <jy>k (j^- (jjJ^' (jl ui'tVI (^ joSLajil /J-oljJ 
Sj^C < J a * J tali i "_' (_gjJlj a l_J (_gVI 4Sj_<I/ ;y_aljj_> JlLa 4xJlSjJ,I 5T_alj_JI 
1 I JL>. 4ljlaj L^jV 4jLjjlII ■ fllljj^l (Jb JjsjlII »jU~.,„* V lOLJSLJI (j^a i_aVT 

i«L_Lj_»_a (^j-j>.| J_*_) «L_Ll*_« CjLjJS ^-JLjJ Cj 2f LqIoJ * i\ < n~w (-1^. J-qUjlj (j-^-3 

. (C^ i ii ill *-ou_a]l L^-a JL^-**i i u ] 2f 4_jjjJa 0JL&J 
. JljsVI I JLuu LajLjt Ijlj*. .JjjL^t^o 3L^J 7TJ^ <»^£LII («-^ ,_,*;_' liil jj 
(_5-J.II 5JlUI (_gl) SjjjSJJ 4ii!l -i j*» CjLejl ^ljLIJ (j\c 4j3 Ajii'tl J h'uji uj 
lj-_j_o LLsajIo ' " i * La 9 (Jiu\^ i(?t_uLill «L>.^J JjjjJsa £j£. c 1 1 nL>J1 ^—11 oL>Ol 
3-jt-LiJ CjLaj I < U (jl J S a ;j_a i*}LSL!l 5JL>. ^ CJJL*J La^ i(jLtj (<sJ L^jV 

cjLaj I <U pL>-j" i .ii SjLc Jj^-" i njj .4jaJtiII 3JL-ujJlJ J-oLSLII julL jj i ..a-.H 

jl ^VjJI (^j'n ii U (ji^- 43j-«J.I SjLcl i gjOJ yj> isLSjjJaJI OJL^-i CjJLa* ( -;r jJI 
JL>J.I IJlj* (jjb j-lj.q-2-11 ,_f jJ.1 ^Ir ajl21II J n'nji.ij .pragmatic ^^Lall 
(jl (jSLaj L^jj iSj^Li. a I j 1 1 a\ jiilt i^^>"» Chips CjLSLSj aIjlJ-"ii a) (j\c 

2tjL_LILa i JU>.lj (jl ^—9 jl^oILa (JS mi 1 <LdJqj&jq CjLjj**i i <ia tjz- (J ^ l L^T JI j o**i i h 1 
( _ ;p a L^-Lo (_p (<ukLjijj iaLoIIj (^LkJLI 4j>.jIj c-ijSj^UIj CjI nKtl jLlo~I ^lila 

. VLalo-l jiiS^(l j j i <l2j1\ (jl\ Jj^sjiUj I j Lu La_i« i . 'j I i eaj (_gl (_)-><J jr_aLJj_i 
jy_olj_jJI (j_o JljJLuJI 4_ojl_2JI 4-LxLSJI CjIji i ntl ( _ ;r 3 ( 3'j J - u ^'l j oij i »J 
CjLLLILi . ~iljl . .. A", , „l ^Ir JjJLj CjLJLj-lJI JlcIj^ ^a dlLajUU ?-ljJr" i hV 
^_3 3«LiS jJLSIj «LSj jiiSI jy_alj_i «l_Li i_3JL^j Of jtl j <i" i .n i .ij itL^ialajl 
«_aljjj ijlj^sJJ 4_aL«JI JlC.Ij2JI jl_Q£.VI (j£ ojS."\ lajir'i.iiU «_o (jjLtlll 
Li, l_2^j LgIuLa.1 d » j j U pj-i3 (jl SJil * ^Laj 1 ■■" lj-£JJ . aJLJt" 1 nil 4 » j j U j 



26^1 



7-lj-Jr" i nl ^j 1 C 3JVI j • -*'• S3 ,jJ 1 1 J_A (j_a jj^VIj ■ aJLJt" i .iU £>£. 'LSjJ'J 
(JjSj ( n ^Jj 'J' ' ■ 1 ^**' ' '■ *' p oxlsa-a (J-^-^* "-& 1 ^J-^-^ 4J3jJtJJ SJlcLs £jja CjLaqUU 
I^JjJ dllj-IJ 'Ij^LS. aUJI j-iSLolJI (^ic L-AJLcl i n't «4^jJlJIj 5'al ,^.^tt« LgJ 
. IjLv. JLut-JI (JJ-t.1 (ji^: dilj OJ^-" (j^J <*^i >£l l^jiioi 
^^->'aj ^j^j~» i < ■ ■ I Laj jj i^j ^1 4Lvlj_a ^^ JjjljaJl JLlIjjj jo-#3 J'j^J 
Jjj la ll |* J ' ' "" Xj '^jl-ij-o-U <j-a -iJJLa-a J-^ IjJ^. " J "'*J. ^.' '(jjjLijJI 

i_4j*jj .keywords 3_o-Llil.l cj! aKtl ^^Lc i_3jjil!! ^a j^l J**" (jl 3-JL>JI 

(j a-4-Lt-LjiaJI CjLilJI («-£3 ( _ ;r 3 J jJili •■■II ( _ ;r 3 AjLajJI jlj^-J *-a-3JVl (j£_ajj (jl 
V J_l id i i iiLlU >tj>.lj_U JL>«J jlj . i U ■ . >■ 1 1 j 4i3jjt_a ^JLa-'i i ii U Jijj La jlj^-j 
jLjiejj I jj** jJaJj (jl dj^ (jr^'j Cj VLalo-VI jj-a SJj^Ia 4-ajLs 451 L^cl (j_a 
(JjLiaJJ (^V! 4 i i"i J I (jr-I^I /T^j- 1 ^*' 7 1 .' ' *** _' D' (J »*ii*tl (j-°J . 4jjj/Llj La 

Cjljii.itl ^ LiSLx-a 2'«L.^.tlj ^-^Li^s'^l manuals CjL»-u£JiLa I jl>. 2 ,^,^^-"t I 

.4_a_}LoJl jug -»J1 
f. ISxll t^p" i nil jj-a Jj ij-^" L ' J~*~ ' >« I ^JJtAlu 3j-u_>J1 -n l^'tl <",**( Tit JuLJ 
sLljIj^j-V! w_a!j_jJ! (j_a jjjS J^e-a J jJili mXI ^^ ^Ltt i i iij . 43j tall ^LcjSj 
. I Aoaiaj jt LfcJU J_r»o ^Jj'r**( i u i tit_ijt_i <LaLse L^aJI (j_a C^&-lloI (-r^ 4_]Jl_JLZ1]1 
jj_a oLo » Lea 1 /^Lc ^^IL=»o /jy^Il ^J J* ' fQ (j-* Jri-^ ^'-' J (J-a^->Jj (j-aj 

s |j_ji» L^J J^>-JJ (j^'j '*^" ^ ' ^" a """' ^ (J^l ' "U p^"j (j-3 3jml i nail JLcljill 
3j-j_>J1 ^j)^\" ^jLljv^I ^j^ * 1 C?~^J d 'j J ■ ■■ ' ^J^^^-* J-^" f -^- 1 ' ^i tls^i?-*-* 1 - 1 
^1j-j_>J1 jj-a 5% j ♦ t <■> d IAa> /^Lc Sj-t-^sLs Cji i n < njJLIj CjlSj-ifoJl ^j^* i J cLj^j->»Ji 

LLaj 4«l>.^L3 5jl i n^> dun ii Lll £j£. ja-AjL>.t ^^L^j jl SLaj t. > 1 1 u ij t(j\j^ uj ill 

Sj_jiJl ijJLA JlLa '-^^^ ^ a U 1 1 j |_g 'I . V<aVI ^j" , nU (^^Lc 4_uutVl (j-a (JjSLj 
L^_i^S ^^Jl S-aLjJsVLjJ .«_<j/Ij 3" 3 - 1 Cr^J .3 J "'.' < ^>-Lj-a /J-alj-l (JSL«I/ ( _ ;r 3 
I a La 1_AJ_jJ_>>jj I &j jj Laj Lajlj (j^-a-i 4-iLa i4 mi uj-oU jjLaVl pjj J'v i""i 
(^^ AjLflj f-^SjJ (jSLa-lJ . L^JLaji ^^ 3jjJL>. CjLa^Lta Cjj^Ijjj ^^^ '^"'"l 

cijljl m". niVl ^(jj^La'^l (_pl i.iaj SjJaLiJll jjJ-2iJ tiJ^lJI :3_JLlJI (JjjLlLI 

lLsI ■ ■■ al j _' ) aj 1 4_aj^M_ll CjIj_jJ»JI S.cjji^a jo-iJLajJ jjusQjl i5-jjl a""i i »V1 
«_j_i jj-al (_y3 Q^jlIIj Sjjjiill (0JJL2HJ i4_uajLillj 4jj| jVI (_L^I i nU i(j1_aLi!l 
J-S-k ^j^-aJLa-'i n U i_3^ii>-Ll Sj^iJI ^j" i n a l_aJjie_uj/J .Cjlj-Jklj CjljLi«Jl 
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I o a .rfS_$Jjl_La (j-* ^ Jj ' ^^ ' ^Q-^Jl i ( nL>. 4-Lal mil ^ja-a JL^-**t i n ) (j-ijjl aLujI 

,,-,l j| .^jAIK 3_,._.,Utl iij|j£J| 2JL>. ^ SjlcI , ,, o 1 1 *-alj-> oJLl* oj^-" 

-n la * 1 J ^2)^-4-1 *-^ T P fc • • • J^'J-^'J Uj J"^ -9 4(^S1j-aJl CjljajJ 4(_p3j2l Jaoj-fcJ 
(J_a_«Jlj -i J I jj La_i£ (JjL»jJLi <L3-.1-.a-j I «!jjlj i_ii3all (_-£ (o£LxlJI Sj-uiJI 
. jLiiJVI CjU!jj>.I [ftaJaJill! Jli (jj-i Jj^ljla J*C i"m 
jj-* i_iSajV1 '~*'j ui-C w 1 c ^^1j_=»o ^_alj-t ^Lu i_3JL£j i^<-r ill % a" i tu < uQ 
Sj^Ls-j architecture, Sj_jjl>- «l_b c-ljJLuI ^jaJaj lilta ■ _Ala.li.mj . jLcljill 
jl hardware jLLkJJ 3 i ... ilLi *Ijjj/ Sjjjj^Ja ■- j ■ -■»"■ i-^o- 4_jjljliU 4_>JL»Ji.l 

t-^p* lifljjlll jj-a Sjjjx. CjLjj'ii ii a jy_alj_JI iJJL^J QaSLuj/J . software 5y_alj_JI 
jy-oLijjJfuj/ IjLa islSJLi LujJI CjLjj" i nU Ajii>-"i i n" (jl LiLaJI CjLjj"ii mill (jSLx-i 
/-^ C < 3e U (jl 'Sj^J LgaJl jj-a (J- 41 ^ ^-JL9 *Cr^3^* p^ - "" mJ j)J „ " f^J (j-^- 

./<_9jJI 4jjJ ^L^ til La <L3jj1 4jjJ cIjLiLJI SjlcLs 
d * i Jj (JLi^ajl dS i i"i i paaIsaJl.1 j-^'' J)'***'** 4_tilijt_a 3j-i_l>. -q la 1 ■ la ■"j" i "j 
-n la 'u\ ^JU>.! /--I] ' ^ Ju\ «L>.^JL1 j' ' ■■^**' i ■■ *' Jj^tlu L^-La ^2 ■* a < ,n c-*_ijtj 
4iZil jJLi Jlj m II I jut u \c S-iLv^l (jic jJLSl (jJLill Oj_uk:l I jl (Jj^Vl 
(jiLaj iLcljjJJ 3 MnitLij i>ila 5j,Ull oljl i,in~inVI ^-3 IjlSL* jjVl Qi^J 

./j-a-jlsl jjjjL-uI /^l^, ^ ' a ' a -»**' rt ^_alj-i *iLu 
, d tj j , ,. jlot d M"^ 1, 1 ^j-ijLlII J/U «LbjjtX1 (JJij 3 i j aj^JI -n la ' 1 1 ^J*'r"i i uQ 
4 L^J^aJL^-**! i u 1 /-ill (jVjCLtai 2( 1 j^jJaj «L5jjlII jl^a ^j-a ^j^"^**''' 4_lL_C t] J ' '■" La^ 
Cj VL?e-a ^j-a jt (JLtkII j-^' ^j- ^^J-^ 1 "^ tl^- 1 ^j"' 5 111 (JjjLj_uL£ aJL^-"1 i h" LaS 
oJ_A » j LaJi i uJJ .^pl i nil (J_w ^.i jjjAaJI (J^iAj QaJijlj V JL3 dri 1 -^' d ^ ^"' "*" " 

^j^ * II ( _paj-C ^j^?e_a jj-a 2( Jlj i JUall ^J-il i n U ^J-w lUji aiaj> ?r j (<taj -n lalJI 

.4_jJI_r»JI i_i i .il_>JI SJlcI i mi-i pU'll jy_alj_l ^^ * y a jjt La^ 4-JuLuiJI (_-i^. 
i J C I A'.ttj jVj'n „VI (jr a <_ 1 1 <>L>JI 4jL)Lll£_al a JLJr" i n'l /oJ I jl 4iL2jJI (_-3j 
. <__i LxSUI (_j-Aj 5-j, LilS-JI /nU'tl 4 Ij i .ij aI JLJ-" i ill LJ J .'^'aVI j-yj QaSLj J^ 4JLa 
plj_il /j I c fljij La-S^a i3jj(J.I JjilalJ A^jJI 5-aJii>-" mil jjJ-^J' (J'j-^ ^°J 
U^ J "" l "~^ - ' d S I «" 1 1 liilG ( _ ;r A (JSl miU (j-a I * i J '** La j^j'j iaL^JLI (j^3 £ *-4-»- a 

CxJ_a_l ((jr-ljV UlJ (j a I ||J (_gJJI) (_p=lj^l jLrcjJ (__!£. 3jLc ^gj U i" j 4 ( _,jUtl 
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Jaa-tlu L_LaLat (JO J .CjuLlajI (j_a 4.C a-aj?e-a «Qjuj 4_a_Laj_La d ^JJ J uiAj 
CjLjLj£ «Lu jl prognosis ■"«! Lg^aJI (J5I u4 3_Lu3j_a J^1>J Jj^jlII (Jjja Ji^ 3 

* 1^1 ( uVu 3j-uj_L1 j-uLjuLI (j£. ^.l. 1 ***'" (j^-a-> ^ LaJLt£. «Lt-aL>. i3juL*_a 4_uS_ufc 

(j_a p'9- 1 ' w La *" (J-il i ii U ^j^* I L^3 i4_j_LaJl jt 4_jJLa->JI j-uL*Ju (Jj-a (—LojjI 

L^_i (t^-Lo-CJl (jSLx-i Vj sLuljji^. sL2jjJaj (jl£H!j (j^jJLi «i s I »-■ 1 1< cjLajUU 
-3-JUJI LuLJLSLal jijjo- ^-SUVI ^S-iJlSLLI 4^j-«II JibaJ (jl c-^jj ■ 4Jj<j . *j 
(jl *J9jJLi Vj .(jLSULi w ^jj -»— ^-1 i Loljjl (2>^- 5-JVI (_p3^j(j ^Lk-U^Ij ^jj * *"*.' 
^—jjJLI jl ^1 <i in II L_LS1j.il usajj (j_a ^-sL-L!l ^j-u_<j_>J1 cjIj i i nil (—5 (jS_a_L) 

. (JLc j^j" 1 ii a /^Lc 3j-L4_>J1 /Q_La_uu 
Jl-C.1 i ii" i nj 3j_j-j_>JI -i fc'tl s |_b CjIj_)I jjjlaj (^-i. (jj-o-LJI j n"n -_u nj 
4_3j_j(_a (j_o a 'I "" i ■■ VI (_j ^ dj ^ t _)_51 i ii U (j-o 3jJjL>. plj-il 4->JL*_a ^_J 0JL_. 
<Lc I La a (jl JLus Ji (^-i. 3-3j_«_U (jj£-J (jl _^Lc SjjJLc C-VLse-a (__-_ C_LayL*_aj 

.SjoJj 4^jjtl.l <_sIjl_.I (jj^ o'j 'JjLx-3 syntax c__-i£j-Li 

-ll,j i ii j«_L-u ^1 ^ J*JJ CjLiill («-ji5 CjLxjI «_a 4jj_aj_!l 4-_^L*JI (_£_>j-ij 

d , ^. .,-.-»." ^ ^_aljj Cj J-a-**< i n**<i nj tCjLajl* U £l alf J»J-*-l 4_vLLaj (JLa_t_u_uV1 
jljll <j-(_i (j_a-4.u_.L--i VI 4__j_»_U (_^a^ii>-"i i nl (_j-Aj 4 ' a ' -*■ "*-"' 1 1 A 1 J U _' aLloII 
j_u_>JI 3 J--.L--_t <G i J a Jj^j i n"il 3-3j_«_U («JLc jy-alj-JI ojut a ) -»" i "_'J- d La J -- II 
(jS_a_) /jy^II Sjjfl us-ll, I j Li 1 1 (jtj «Oj-^>.j «Q^j-»_a J-olS r*1j^>-**K nl ^—3 ^^ i ii ill 

. I j'" S 'I flj i "*» I (jja J V jCLu/ VI ^liLJl 
jO_^^a|j_i ^a 4^jjtil JLcljJS jjjiaj (_y3 A^jJI CjLajUll »l <ilf j <i" i njlj 
i4_jJL>JI ^-olj-jdl (0^>« ) » Lta till JU 7r o i imj ' ^] Lca^l 4_Sjj-Ls -i^>*J a JjlI JljjL-i 
(j_a J^Si /j-I] fQ^J?e-a1j-) /j£ JLcl^2J1 r«^*j>. (J-L(^J LaJLt^. CjJLjt-j i n 1 jLa j^A-Ij 
(jl 3^8 Lse-LaJ I (jjs sLvjjJI OJLA Cr^ C7^' J^^'j-^' Cr^ i\3 & * "J SjLcLa (j^jla 
j_Lii»JI I j flj i eaJ A Laj ' ■■_' JLclj^ aI jj>-" i iiLi I j ' ..A. jjU" jj|j i3j^i«JI (j-o p I »Tt 

iL^Isjjla jlcIjJs (jij^uo t;r l£. SjjLa 7r urVn ii Vji (_5-^s . l^jIjI /tu^all^L^jVI 

. LlLkJI L^Lljc_uIjILij/I (_£l JLcljill OJLA aI Jiir'u nl (JIjLjJT lillj Jijlj j^iaj (<u 
La VI (Jjt^j (jl » .u aj ' '■" V Cji i < nL>J1 (jLi (JjLoJl jtjLtloJl LaJul J 2 aj i --J 

. j^lSLa j^xSl gQ-LCj)^ ili a (jL_ujVI «b l_Aj-aLi 
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:j| jt-» II I ^yS pjvjjil 

. 1938 aLc 5_ujjJ! j ir-ia duj^QASt-i 4jjJ_cSL-uV! ^yfl jjj * 
(2fu-ujl_> (j^il i uSj 4-«-aL>. (j-o 4JtUI joi^. ( _ ;r 3 ^ a i tiLLil oIjjjS J o-^ J LaJl * 

.1981 j»U SjL*Oi! cjLVjJL. 

. 1983 ^ja. 1981 ,j_a 4jjJl£Lu/V! 4juoL>. (^fl Ja^ * 
CjLjVoJLj Luj jjLJ 1£j =t_J , i?1 *L«j>.jiL) (j^uljILtlajl d i ii i <ij-a ^^ J-oX. * 

. 1984 4jL^> ,y3. I983,>a iLSLjj-aVl Sju*ll.! 
4_«_aL*_i CjulUI j^j-4-i 4_j_4_i_}li 2l (jaj i iiU JlCI i u a j-sJ-a ( < ' •*•** rt <JJ»-^u * 
t_jbV! 3 j K J 4-j3 jl-^VI 4_«_L)I -i ■■■^; 4ii!l jaLtJ L-ujJLa J_«x. *u OjjSLJI 

. 1989 (ALC (-j-*-** *— -*i5^ 4_«_aL*_l 
3j<_aL>JLi 4iill (oJjl! ijjjl hia ibjj/! 3_a_jlij I 989 j ,o~y,i j-La J i uiJ * 

. 2j_&La]L] 4j£j^a^l 
Sj_jJ c ill =e_il 4_I * 

*L_£j_JI (^_a 4_j_jj_«_JIj 




aLal 7-LliJI JLi£. aLal/j . i :<L«->.jj 
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VJ 



^1^ 



j_4j t^j-cl Lta '^1 «l£j-JI zoic ^yJjjJI iX)L2iI t-jL£JI I JLA aJ-2j 

3 JjJjl)! «GlJLjJaIiJ 3j_o- 2 1 Cilji i ntl (_b 4JlILi sh q itl l. i i n"iSl tiujL>. jol^. 

3-JV! 3_«j>.jIU!j t_ijjj/L>Jlj Ciljl jVi i nVlj f LajJl£3_j^_o- CjVL*-a (^ 

3 < 111 joJLcj (jji-aJJI (0-Lc.J CjLlx^LjjJIj (^Vl i. 1 1 .iLjJI »l ulr 4_j3 

tL£jJ! 2 j * 53 ,2^c. 2 ^j« ' 3 jglr Sj£La t_iLiSLII I jla w k «jg 2 A , ..lAtlj 
* J c J ' '"""J " ^■!"^ t * ^?-^- 1 rr j '_' j-*j »43 VIS i~ilj 43lJl£LaJj w *~ I *u.^.VI 
3_uSUI i _ y ^ j«JL«JI I j a (^c ^<I*X Jji j aj jl j ,Wlj ,-iUtl ,1 1 ^^ Ij-j-»j 

«L£j_JI jjLx_a (j_a d i u j Sj jjLx_a SjLc (-;r ^. t—iLjSLII jij-jj . 4-ujjJI 
J-lLs-ij 3j_uj*JI AJaJulj i4-L*-LiLaJ! CjLiill 4j>JLla (j-Aj (_jX I IXaj^aVI 

^ I ;U,^.VI s l^jJI 3_l12j a\jJx!u^\ ^c }Lol£ _M .^'a j^ij Lt^3ijj(II 

iJJUt j i"n " j .^V! fc. 1 1 »L>JI Lg-a jjr-" i nj ( _ ;r ll! 4-lh-lLCJ I 5T_alj_J! ^°> 

J j I -»«j j_p-a t_jLlSJ! L^JjLuj (oJ (_jj^>-l jjL»-a i-dLufc (jl ^1 SjLiVI 



'<* 



JLJI 



(jl J-oljj ( J^JU LLa-ujuoll L*Jj V 4J| V! i^^UJI ^jLail <*-£>■>! («-^JJ 

. c ^.i ;U .,-.yt ft i^jJj a^i^Ji d^Jl 



